We present an updated mid-infrared (MIR) versus X-ray correlation for the local active galactic nuclei (AGN) population based on the high angular resolution 12 and 18 µm continuum fluxes from the AGN subarcsecond mid-infrared atlas and 2-10 keV and 14-195 keV data collected from the literature. We isolate a sample of 152 objects with reliable AGN nature and multi-epoch X-ray data and minimal MIR contribution from star formation. Although the sample is not homogeneous or complete, we show that our results are unlikely to be affected by significant biases. The MIR-X-ray correlation is nearly linear and within a factor of two independent of the AGN type and the wavebands used. The observed scatter is < 0.4 dex. A possible flattening of the correlation slope at the highest luminosities probed (∼ 10 45 erg/s) towards low MIR luminosities for a given X-ray luminosity is indicated but not significant. Unobscured objects have, on average, an MIR-X-ray ratio that is only 0.15 dex higher than that of obscured objects. Objects with intermediate X-ray column densities (22 < log N H < 23) actually show the highest MIR-X-ray ratio on average. Radio-loud objects show a higher mean MIR-X-ray ratio at low luminosities, while the ratio is lower than average at high luminosities. This may be explained by synchrotron emission from the jet contributing to the MIR at lowluminosities and additional X-ray emission at high luminosities. True Seyfert 2 candidates and double AGN do not show any deviation from the general behaviour. Finally, we show that the MIR-X-ray correlation can be used to verify the AGN nature of uncertain objects. Specifically, we give equations that allow to determine the intrinsic 2-10 keV luminosities and column densities for objects with complex X-ray properties to within 0.34 dex. These techniques are applied to the uncertain objects of the remaining AGN MIR atlas, demonstrating the usefulness of the MIR-X-ray correlation as an empirical tool.
INTRODUCTION
Supermassive black holes in the centres of galaxy grow through various phases of accretion during the cosmic evolution. During these phases large amounts of radiation are emitted by the infalling material leading to dramatic brightening of the galaxy cores, which are then called active galactic nuclei (AGN) . Observing this emission allows us to study the structure of the objects up to the highest redshifts known for galaxies. The primary emission from the hot E-mail: dasmus@eso.org gas accretion disk peaks in the ultraviolet (UV) and then is partly reprocessed and reemitted at other wavelengths. In particular, it is commonly assumed that at least in radio-quiet AGN part of the UV is reprocessed in a hot corona above the accretion disk, where the X-ray emission is produced through Compton up-scattering of the UV photons (Haardt & Maraschi 1993) . Part of the UV emission from the accretion disk is absorbed by the dust in the material at larger distances (beyond the sublimation radius). This dust reemits the absorbed emission thermally in the infrared. Usually the midinfrared (MIR) spectra of AGN are dominated by a warm component approximately consistent with a black body of a temperature ∼ 300 K (e.g., Edelson & Malkan 1986) . In total, these processes explain the observed spectral energy distributions (SEDs) of AGN, which often peak in the X-ray and MIR regimes in the νF ν units (e.g., Prieto et al. 2010) .
Furthermore, the common origin of the MIR and X-ray emission from reprocessed UV emission, lets us expect a correlation between the luminosities at both wavelengths. The exact relation will depend heavily on the structure of obscuring dust. Usually a thick disk or torus-like geometry is assumed for the latter. Such structures introduce an orientation dependence for the obscuration, and we thus expect the MIR emission to be at least mildly anisotropic (Pier & Krolik 1992) . Specifically unobscured, type I, objects should have higher MIR luminosities compared to obscured, type II, objects at the same intrinsic power. At the same time, the X-ray emission is likely also anisotropic, depending on the corona geometry (e.g., Liu et al. 2014) . Furthermore, the amount of obscuration or opening angle of the torus possibly decreases with increasing accretion disk luminosity because the dust is sublimated, or pushed to larger distances by the radiation pressure. These effects would lead to a decrease of the ratio of the MIR to bolometric luminosity with increasing bolometric luminosity. Finally, in radio-loud objects, a strong jet is present in addition to the other components. The synchrotron emission of this jet might contribute or even dominate both the X-ray emission and the mid-infrared for low accretion rates (e.g., Falcke, Körding & Markoff 2004; Yuan & Cui 2005; Perlman et al. 2007 ). Therefore, radio-loud objects should behave differently in the MIR-X-ray plane than the radio-quiet objects.
For the reasons mentioned above, measuring the relation between MIR and X-ray emission can constrain the proposed scenarios and reveal information about the structure of the AGN. Apart from the AGN physics, this relation is also relevant for studying the connection between the AGN contributions to the infrared and X-ray cosmological background (e.g., Gandhi & Fabian 2003) .
Indeed, a correlation between the MIR and X-ray emission was already found observationally by Elvis et al. (1978) and Glass, Moorwood & Eichendorf (1982) based on ground-based MIR bolometer observations of small sample of local AGN and the first generation of X-ray telescopes. Krabbe, Böker & Maiolino (2001) then remeasured the correlation using one of the first ground-based MIR imagers, MANIAC, mounted on the ESO MPI 2.2 m to obtain nuclear N-band (∼ 10 µm) photometry of a sample of eight nearby AGN. The X-ray fluxes were in the 2-10 keV energy band and absorption corrected, from ASCA, BeppoSAX, and Ginga. Krabbe, Böker & Maiolino attempted to correct for extinction in the MIR, which is possibly significant in many of the Compton-thick (CT) objects. The MIR-X-ray correlation was then investigated with a much larger sample by Lutz et al. (2004) and Ramos Almeida et al. (2007) using low angular resolution MIR data (> 1 arcsec) from ISO and 2-10 keV measurements also from XMM-Newton and Chandra. The former work decomposed the ISO spectra to isolate the AGN continuum emission at 6 µm, still a large scatter affected their correlation results as in the latter work. In parallel, a number of other works made use of the now available MIR instruments on eight-meter class telescopes like VISIR and T-ReCS to study the MIR-X-ray correlation at subarcsecond resolution at ∼ 12 µm Gandhi et al. 2009; Levenson et al. 2009; . Isolating the AGN emission to a much better degree, these works found, in general, a very small scatter in the correlation (∼ 0.3 dex). In particular, Gandhi et al. (2009) demonstrated that even the CT obscured AGN follow the same correlation as the unobscured AGN without large offsets or scatter. This made the MIR-X-ray correlation the tightest among the other multiple wavelength correlations found for AGN and especially intriguing because of its applicability to all different AGN types. Using Spitzer, the correlation was at the same time extended towards higher luminosities (Fiore et al. 2009; Lanzuisi et al. 2009 ) and shown to be valid even for radio-loud AGN (Hardcastle, Evans & Croston 2009) . Further high angular resolution imaging allowed then to extend the correlation into the low-luminosity regime (Asmus et al. 2011; Mason et al. 2012) , where some indication was found that radio-loud low-luminosity objects show on average higher MIR-Xray emission ratios. Finally, with the advent of the X-ray telescopes Swift and INTEGRAL, sensitive to very hard X-rays, the correlation could be shown to extend also the 14-195 keV X-ray regime (Mullaney et al. 2011; Matsuta et al. 2012; Ichikawa et al. 2012; Sazonov et al. 2012) . These works mainly used low angular resolution MIR data from IRAS, Spitzer, AKARI, and WISE and could demonstrate that the correlation also extends towards longer wavelengths in the MIR. Mullaney et al. (2011) and Sazonov et al. (2012) applied spectral decomposition to isolate the AGN continuum at 12 and 15 µm respectively. They found rather shallow slopes for the MIR-X-ray correlation in particular at odds with Fiore et al. (2009) and Lanzuisi et al. (2009) . In general, the findings of all these works remained inconclusive or contradicting with respect to the predictions of the models described above, owing to either small sample sizes, selection effects or the lack of sufficient angular resolution. Therefore, the correlation needs to be investigated at high angular resolution for a large sample covering the whole luminosity range of AGN.
The first paper of this series ) presented high angular resolution MIR photometry for a large number of local AGN obtained with ground-based instruments on eight-meter class telescopes. Here, we use this large well suited data set to accurately redetermine the MIR-X-ray correlation and address the still open issues with a detailed analysis.
DATA ACQUISITION & SAMPLE SELECTION
We start with the total sample from the AGN MIR atlas of 253 objects . Note that sample is a combination of a hard X-ray (14-195 keV) selected and a quasi MIR selected sample as explained in Asmus et al. (2014) . Thus, this combined sample does not suffer from any obvious (single) bias against highly obscured sources. The fraction of Compton-thick obscured sources is 18 per cent (confirmed plus candidates). We adopt optical classifications, distances (using the same cosmology) and the MIR continuum fluxes at 12 and 18 µm, F nuc (12 µm) and F nuc (18 µm) from Asmus et al. (2014) . As done in that work we also divide the various AGN types into the following rough optical groups to facilitate discussion:
-type I: Seyferts with broad unpolarised emission lines (includes Sy 1, Sy 1.2, Sy 1.5, Sy 1/1.5 and Sy 1.5/L); -NLS1: (narrow-line Sy 1); -type Ii: intermediate type Seyferts (includes Sy 1.8, Sy 1.9 and Sy 1.5/2); -type II: Seyferts without broad emission lines (in unpolarised light; includes Sy 1.8/2, Sy 1.9/2 and Sy 2:); -LINERs: low-ionization nuclear emission line regions (includes L, L:);
-AGN/SB comp: AGN/starburst composites (includes Cp, Cp:, and L/H; see Yuan, Kewley & Sanders 2010 ).
Here, for example Sy 1.8/2 means that the object has both Sy 1.8 and Sy 2 classifications in the literature, i.e. the existence of broad emission line components is controversial. Note that different to Asmus et al. (2014) , we keep the NLS1 as an individual class. There are four clear NLS1 in the atlas sample (I Zw 1, IRAS 13349+2438, Mrk 1239, and NGC 4051).
The MIR continuum fluxes are the unresolved nuclear fluxes extracted from ground-based multi-filter photometry obtained with the instruments VISIR (Lagage et al. 2004) , T-ReCS (Telesco et al. 1998) , Michelle (Glasse, Atad-Ettedgui & Harris 1997) , and COMICS; (Kataza et al. 2000) . The angular resolution of these data is of the order of 0.35 or 120 pc for the median sample distance of 72 Mpc at 12 µm.
We collect observed 14-195 keV fluxes, F obs (14-195 keV) , measured with Swift/BAT by combining the data of the 54 and 70 month source catalogues with preference for the latter Baumgartner et al. 2013) . Of the 253 AGN, 120 are in the 70 month catalogue, comprising about ∼ 20 per cent of all known AGN detected by Swift/BAT after 70 months. Six additional sources missing in the 70 month are in the 54 month catalogue (3C 98, ESO 500-34, NGC 4579, PG 0844+349 and UGC 12348). For all 127 sources without any detection in the BAT catalogues, we adopt an upper limit on F obs (14-195 keV) equal to the nominal sensitivity limit of the 70 month catalogue (log F obs (14-195 keV) = −10.87; Baumgartner et al. 2013 ). In addition, we search the literature for the 2-10 keV properties of the individual objects using the most recent X-ray observations with satellites like Chandra, XMM-Newton, Suzaku, and NuSTAR. In particular, we compile observed and intrinsic 2-10 keV fluxes, F obs (2-10 keV) and F int (2-10 keV), and hydrogen column densities, N H based upon X-ray spectral modelling (compiled in Table 2 ). In case of multiple measurements, the average of all detections is used, while for multiple upper limits, the lowest upper limit is taken. For 19 objects we analysed in addition archival Swift/XRT data (Burrows et al. 2005 ) as further described in Appendix A. In order to avoid non-AGN contamination, we exclude all objects optically classified as uncertain (38 objects) or AGN/starburst composites (18 objects; see Asmus et al. 2014 ) and discuss these separately in the Appendices B3 and B2. Of the remaining 197 object from the atlas, no 2-10 keV properties could be collected or computed for three objects (NGC 3166, PKS 1932-46, and UGC 12348) , mainly because of the lack of suitable observations. For further 42 objects, the X-ray data turned out to be problematic because of too few counts for reliable analysis, contradicting results (> 1 dex difference in L int (2-10 keV)), or Comptonthick obscured objects, for which no recent pointed hard X-ray observations with satellites like XMM-Newton, Suzaku and NuSTAR are available. These objects are referred to as "X-ray unreliable". All these unobserved or problematic sources are excluded from the general analysis and are further discussed as a group in Appendix B1 and individually in Appendix B4. This leaves 152 reliable AGN for the general analysis, called the "reliable" sample. It contains 55 type I, 4 NLS1, 14 type Ii, 58 type II, 19 LINERs, and 2 unclassified (NGC 4992 and NGC 6251; see Asmus et al. 2014) . The individual objects and the relevant properties mentioned above are listed in Table 2 .
For objects with at least three independent epochs of Xray data (100 objects), we use the standard deviation (STD-DEV) between the individual measurements as uncertainty for F obs (2-10 keV) and F int (2-10 keV) in logarithmic space (similarly for the luminosities). For the other objects, we use the median + STDDEV of all 100 uncertainties above as flux uncertainty (0.3 dex) unless they are CT obscured, in which case we use 0.6 dex as uncertainty for F int (2-10 keV) (5 objects). Note that 0.3 dex also corresponds to the typical long-term variability found in individual AGN (e.g., McHardy et al. 2004) . For the CT objects, we choose 0.6 dex because a) individual F int (2-10 keV) estimates easily differ by an order of magnitude in this regime depending on the model used (e.g., Gandhi et al. 2015) , and b) by this means, the corresponding objects will statistically be weighted only half during the fitting (where included). The values for N H and their uncertainties are computed exactly in the same way as the fluxes, and the corresponding median + STDDEV uncertainty is 0.45 dex.
Finally, for all MIR and X-ray bands, we compute the corresponding luminosities under the assumption of isotropic emission.
METHODS
We measure correlation strengths by using the Spearman rank correlation coefficient, ρ S , and the corresponding null-hypothesis probability log p S , applied to the detections of a sample. The correlations are tested in both luminosity and flux space to show how much correlation is artificially introduced by the distance. Furthermore, we compute the partial correlation rank in luminosity space, ρ p , which measures the correlation of the residuals of the correlations of the luminosities with the object distance (p correlate in IDL). To measure the functional description of the correlations, we perform linear regression in logarithmic space with the Bayesian based linmix err algorithm and a normal prior distribution (Kelly 2007) . We prefer linmix err for this work over the canonical fitexy algorithm (Press et al. 1992 ) because the former can handle upper limits and also takes into account the intrinsic scatter, σ int , in the sample (see Park et al. 2012 for a thorough comparison of fitting algorithms). In all correlations, we choose the X-ray component as independent variable, which is physically motivated by the fact that the X-ray emission is a more direct proxy of the primary accretion than the MIR emission. Owing to the nature of the sample which originates from a combined indirect MIR and X-ray selection, there is no preference for the choice of independent variable from the statistical point of view. In Sect. 5.1, we further discuss how our results are affected by possible biases and the choice of methods. Furthermore, we use the logarithmic ratio of the MIR over X-ray luminosity, R M X = log L MIR − log L X and its standard deviation, σ M X , to describe the various relations (L MIR and L X are to be substituted with the corresponding subbands used in that section). Finally, we use the two-sided one-dimensional Kolmogorov-Smirnov (KS) test to quantify the statistical difference in the MIR-X-ray ratio between various subsamples. The test provides a maximum sample difference, D KS and a null-hypothesis probability, p KS . To better address the robustness of the KS test results, we perform Monte-Carlo resampling with 10 5 random draws. Here, we vary the individual MIR-X-ray ratios by a normal distribution with the STDDEV of the individual uncertainties and then perform simple bootstrapping with drawing and replacement (Press et al. 1992) . The combination of both allows us to take into account the effects of both measurement uncertainties and sample incompleteness. Apart from the linear regression analysis, non-detections are always excluded from the quantitative analysis. However, the consistency of the corresponding upper limits with the obtained results is discussed where suitable. 
RESULTS
In the following, the relations between the MIR and X-ray emission of the reliable sample are investigated in the four different wavelength ranges, 12 µm, 18 µm, 2-10 keV and 14-195 keV.
12 µm-2-10 keV correlation
Figs. 1 and 2 show the relation of the observed 12 µm and 2-10 keV bands in flux and luminosity space respectively. As expected from previous works, a significant correlation is present between F nuc (12 µm) and F obs (2-10 keV). The Spearman rank correlation coefficient for all detected sources is ρ S = 0.59 and the nullhypothesis probability log p S = −13.7 with highly obscured objects introducing large scatter towards high MIR-X-ray ratios (standard deviation σ M X = 0.57). In particular, most of the CT objects exhibit large offsets owing to their strong suppression in X-rays. Interestingly, three of the four NLS1 also exhibit high MIR-X-ray ratios despite low obscuration. We come back to this observation in Section 4.4. If one only regards the 68 X-ray unabsorbed AGN of the reliable sample (log N H 22), the correlation strength increases to ρ S = 0.77 and log p S = −13.5. A corresponding linear regression of the unabsorbed sources yields log F nuc (12 µm) ∝ (0.79±0.08) log F obs (2-10 keV) with linmix err. The detailed fitting results are given in Table 1 . In luminosity space (Fig. 2) , the sample is spread over seven orders of magnitude leading to a formally stronger correlation (ρ S = 0.94 and log p S = −27.8 for the unabsorbed AGN). The partial correlation rank is ρ p = 0.73 for the unabsorbed AGN, showing that the correlation strength is not dominated by the effect of the distance. Figure 3 . Relation of the nuclear 12 µm and intrinsic 2-10 keV fluxes for the reliable sample. Symbols and colours are as in Fig. 1 apart from the filled symbols which here mark objects with at least three epochs of 2-10 keV data.
Owing to the absorption corrections available for the 2-10 keV emission of the reliable objects, we can also investigate the correlation of F nuc (12 µm) and L nuc (12 µm) with the intrinsic X-ray fluxes and luminosities, F int (2-10 keV) and L int (2-10 keV), shown in Figs. 3 and 4. As expected the correlation strength increases in flux space when using an absorption correction for the X-rays (ρ S = 0.73 and log p S = −23.2 for all 152 reliable AGN), and the slope of the linear fit is 1.02 ± 0.06. Note that two of the NLS1 are still outliers (I Zw 1 and IRAS 13349+2438). In luminosity space, the partial correlation rank increases to 0.79 and the slope remains consistent at 0.98 ± 0.03 (Table 1) . The observed scatter is σ M X = 0.39 dex, while the intrinsic scatter is smaller, σ int = 0.33 dex.
Many AGN show significant variability in the 2-10 keV band, while any MIR variability appears to be much weaker and only occurs on much longer time scales (Neugebauer & Matthews 1999; Asmus et al. 2014) . Therefore, one would expect a further decrease in the scatter of the correlation when regarding only those 100 AGN for which our L int (2-10 keV) value is based on at least three epochs of X-ray observations in the last decade. For this subsample, the partial correlation rank indeed increases (ρ p = 0.83) and the observed scatter in the L nuc (12 µm)/L int (2-10 keV) ratio decreases (σ M X = 0.35 dex). However, the intrinsic scatter estimate stays the same (σ int = 0.32 dex). The similarity of observed and intrinsic scatter indicate that the former is dominated by the latter. The corresponding fit represents the best estimate of the "true" 12 µm-2-10 keV correlation so far: log L nuc (12 µm) 10 43 erg s −1 = (0.33 ± 0.04)
For comparison purposes, in Fig. 5 , we also show the 12 µm-2-10 keV relation when using low angular resolution MIR data, here 12 µm luminosities, L tot (12 µm), obtained with the IRAS satellite (Neugebauer et al. 1984) , which correspond rather to the total emission of the galaxies than the nuclear emission. The corresponding data were collected in Asmus et al. (2014) from the literature, mainly from NED (http://ned.ipac.caltech.edu), Sanders et al. (2003) , Golombek, Miley & Neugebauer (1988) , Rush, Malkan & Spinoglio (1993) , Rice et al. (1988) and Sanders & Mirabel (1996) . The resulting luminosity correlation has a significantly higher observed scatter (σ M X = 0.65) and the fitted slope is also much flatter (b = 0.63). This is obviously caused by host Figure 5 . Relation of the total 12 µm (IRAS) and intrinsic 2-10 keV luminosities for the reliable sample. Symbols and colours are as in Fig. 3 . In addition, the dashed line shows the correlation for all reliable objects with multi-epoch X-ray data (Eq. 1).
emission dominating the total MIR emission in many objects up to luminosities of ≈ 10 44 erg/s . But even if one fits only the higher luminosity part of the population (> 10 43 erg/s), the slope is still flatter compared to the high angular resolution data (b = 0.82). Therefore, L int (2-10 keV) estimates based on MIR luminosities that include the entire galaxy are very unreliable.
MIR-X-ray correlation using 18 µm or 14-195 keV
The AGN MIR atlas also contains nuclear 18 µm flux measurements for 38 of the reliable AGN. This wavelength region has two advantages compared to the 12 µm region, it is even less affected by obscuration and it contains the MIR emission peak of most AGN in νFν, in particular type 1 sources (e.g., Asmus et al. 2014) . Note however that at this wavelength, the subarcsecond resolution is even more important to isolate the AGN from the host emission which is stronger at 18 µm than at 12 µm. We plot the corresponding 18 µm-2-10 keV relations in flux and luminosity space in Figs. 6 and 7. Despite the lower object number and coverage in orders of magnitude, the correlation is surprisingly strong already in flux space (ρ S = 0.83 and log p S = −9.8). The slope of the correlation is flatter compared to that with the 12 µm band, log F nuc (18 µm) ∝ (0.88 ± 0.07) log F int (2-10 keV). In luminosity space, the partial correlation rank is higher than for using 12 µm (ρ p = 0.90) while the observed and intrinsic scatter measures are smaller (σ M X = 0.3 and σ int = 0.25). Thus, the correlation appears to be significantly tighter for 18 µm compared to 12 µm. However, this is just a selection effect because the scatter becomes as small for 12 µm if exactly the same objects are used as for the 18 µm analysis. Note that the slope of the linear fit is higher than in flux space and consistent with the 12 µm-based fitted slopes, log L nuc (18 µm) ∝ (1.00 ± 0.05) log L int (2-10 keV). Instead of using the substantially absorption-affected 2-10 keV energy range, one can now use the 14-195 keV long-term (1) and (2) the quantities, of which the correlation is measured; (3) sample used for the linmix err fitting; (4) N: number of objects used for the analysis; (5) ρ: linear correlation coefficient (Spearman rank ρ S for fluxes and partial correlation rank ρ p for luminosities); (6) and (7) a, b: fitting parameters of log(Y) − c = a + b(log(X) − c) with c being -11 for fluxes and 43 for luminosities; (8) R Y X : average of the ratio R Y X with (9) σ Y X its standard deviation; (10) σ int : intrinsic scatter (from linmix err) . data obtained with Swift/BAT over the last years, which is available for 118 of the 152 reliable AGN. This energy range is less affected by absorption, and the data are also less prone to variability because they are long-term averages. The relation of the observed 14-195 keV to 12 µm fluxes and luminosities is shown in Figs. 8 and 9 respectively. Similar to the 2-10 keV band, a correlation is present (ρ S = 0.60 and log p S = −11.9 in flux space and ρ p = 0.81 in luminosity space). The correlation strength further increases in luminosity space if we regard only those 101 objects that are unaffected by absorption in the 14-195 keV band, i.e. log N H < 23.7 (ρ p = 0.62). The correlation strength still remains lower than that of the 12 µm-2-10 keV correlation however. In addition, the observed and intrinsic scatter are higher as well (σ M X = 0.41 and σ int = 0.39) while the fitted slope is slightly lower: log L nuc (12 µm) ∝ (0.91 ± 0.04) log L obs (14-195 keV) . As a consistency check, we also compute the 14-195 keV-2-10 keV correlation, which yields log L obs (14-195 keV) ∝ (1.01 ± 0.02) log L int (2-10 keV), also listed in Table 1 . Thus, taking this slight non-linearity into account, the different luminosity correlations are consistent to each other within 1σ.
In the following, we concentrate on the 12 µm versus intrinsic 2-10 keV luminosity correlation because the corresponding data are available for all objects of the reliable sample.
Dependence on luminosity
The increased number of objects and improved accuracy of the MIR and X-ray data motivates the search for fine structure in the MIR-X-ray correlation based on other AGN properties. First, we investigate whether there is a luminosity dependence in the logarithmic MIR-X-ray ratio, R M X , and whether the slope of the correlation changes with luminosity. For this purpose, we compute the error-weighted mean MIR-X-ray ratio of the detected objects from the reliable sample for different binnings in L int (2-10 keV) and L nuc (12 µm), shown in Fig. 10 . We exclude the NLS1 sources from this analysis for the reasons given in Sect. 4.4, as well as 3C 273. The latter object is presumably beamed (e.g., Soldi et al. 2008) and would have an disproportionally large effect on the fitting because of its isolated position at very high luminosities (≈ 10 46 erg/s), separated from the main population by more than an order of magnitude. Note that 3C 273 however follows the general behaviour found below. There is a weak global trend of decreasing R M X with increasing luminosity for binning along the L int (2-10 keV) axis. For the X-ray binning, the ratio changes from approximately 0.4 dex to 0 dex over approximately five orders of magnitude in luminosity, which is consistent with the fitted slopes < 1 that we found in Sect. 4.1. Out of the 14 upper limits, only LEDA 013946 is not consistent with the general behaviour by more than 1σ (log L int (2-10 keV) = 43.2; R M X 0.08). In particular, at the highest probed luminosities, log L int (2-10 keV) 44, a significant decrease seems to be present. The two-sided KS test provides maximum difference for separating the population at a threshold of ∼ 44.1 (D KS = 0.66; log p KS = −4.2). We perform also the Monte-Carlo sampling with the above found threshold as described in Sect. 3 and get a 68 per cent confidence interval for p KS of 0.004 to 3 per cent. However, such a decrease is not visible when the binning is done along the L nuc (12 µm) axis (brown data points in Fig. 10 ) and thus the corresponding KS test shows no significant difference. Figure 6 . Relation of the nuclear 18 µm and intrinsic 2-10 keV fluxes for the reliable sample. Symbols and colours are as in Fig. 1 Therefore, we employ another diagnostic, namely to compare the slopes of linear fits for different luminosity cuts in 12 µm and 2-10 keV space in Fig. 12 . The individual fitted slopes, b, for using thresholds in either L int (2-10 keV) or L nuc (12 µm) space are between 0.95 and 1.15 and are in general consistent with the unity. Only the highest luminosity bin for L nuc (12 µm) has a steep slope of ∼ 1.14 that differs from unity by more than one σ. On the other hand, the corresponding L int (2-10 keV) bin has the lowest slope of ∼ 0.96. Again, this is caused by the insufficient object numbers above 10 44 erg/s. However, the two highest bins of both threshold directions are consistent with the slopes at lower luminosities and do not indicate any trend. Therefore, we conclude that there is no conclusive evidence for any local changes in the MIR-X-ray ratio or correlation slope with luminosity (see Sect. 5.3 for further discussion and also Mateos et al. 2015 ; but see Stern 2015) . Figure 10 . MIR-X-ray ratio over luminosity for the reliable sample. The data are binned with 1 dex bin width. Cyan symbols mark the errorweighted mean for a binning with L int (2-10 keV) as x-axis while brown symbols mark a binning along L nuc (12 µm). The latter is shifted by −0.3 dex to compensate for the constant a in the correlation. The area of the filled circles is proportional to the number of objects in that bin with the smallest circle corresponding to six and the largest to 61 objects. The error bars mark the bin width and error-weighted standard deviation of the MIR-X-ray ratio in that bin. In addition, the uncertainty of the weighted means are marked with thick vertical error bars which in most cases are smaller than the filled circles. 
Dependence on optical type
Next, we investigate differences with the optical type by fitting the 12 µm-2-10 keV luminosity distributions separately for type I, type II and LINER AGN (Fig. 13) . Note that we treat NLS1 not as type I AGN and that we also exclude 3C 273 from this analysis. This leaves 54 type I AGN of the reliable sample, while there are 58 type II and 19 LINER objects. The corresponding linear fits are listed in Table 1 and shown in Fig. 13 as well. The slopes of the type I and II correlations are similar to each other and the total population fit. However, type I objects display a systematically higher constant a and MIR-X-ray ratio than type II objects (0.15 dex difference at 2σ significance). Note that this offset is consistent to the finding for more powerful AGN ). In addition, The area of the filled circles and darkness in color are proportional to the number of objects in that sub-sample with the smallest circle corresponding to 23 and the largest to 147 objects. Cyan to black coloured symbols mark sub-samples with thresholds in L int (2-10 keV) while orange to red symbols mark sub-samples with thresholds in L nuc (12 µm). For the latter, log(L int (2-10 keV)) − 43 = a + b (log(L nuc (12 µm)) − 43) was fitted and b then inverted for direct comparison. In addition, the L nuc (12 µm)-based data points are shifted by −0.3 dex to compensate for the constant a in the correlation.
the observed and intrinsic scatter is lower in the type I population (σ int = 0.25) compared not only to the type II (σ int = 0.31) but also to the whole reliable sample (σ int = 0.32). Although the uncertainties of these values are larger than the differences, it indicates that the scatter in the total population is dominated by the type II objects. LINERs exhibit the highest average MIR-X-ray ratio (0.46) and a flatter but consistent fitted slope compared to the Seyferts. We note that all 14 upper limits except again LEDA 013946 are consistent with the obtained fits within the 1σ X-ray uncertainty. Finally, there are too few NLS1 for a reasonable fit but their average MIR-X-ray ratio is very high compared to the other AGN classes (1.16).
To further investigate if the differences between the different optical classes are statistically significant we employ the twosided KS test on the distribution of MIR-X-ray ratios of the MIRdetected reliable AGN shown in Fig. 14 Figure 13 . Relation of the nuclear 12 µm and intrinsic 2-10 keV luminosities for the different optical AGN types. Symbols and colours are as in Fig. 3 . In addition, the blue, red and green lines mark the linmix err fits to the type 1, type 2 and LINER objects in the reliable sample. The largest statistically significant difference is found for the NLS1 versus type I according to the KS-test with a 68 per cent interval for p KS of 0.06 to 2 per cent and a median D KS = 0.86. A possible explanation for their high MIR-X-ray ratios is that owing to their steep X-ray spectral energy distributions, the 2-10 keV emission is not representative of the bolometric luminosity in NLS1. On the other hand, NLS1 generally have complex X-ray spectra which make intrinsic luminosity estimates difficult. Thus, a larger sample of NLS1 is required to verify our finding.
Dependence on X-ray column density
To investigate possible differences between obscured and unobscured AGN, it is presumably superior to use the X-ray column density, N H , rather than the optical type because N H probes the nuclear obscuration more directly and in a quantitative way and neutralises possible selection effects against obscured AGN. According to results of the previous sections, we exclude the NLS1 sources here. Fig. 16 displays the relation of the MIR-X-ray ratio with the column density. As expected, type I AGN have in general log N H 22 and type II AGN log N H 22. However, there are a few exceptions, namely two type I AGN with log N H > 23 (3C 445 and ESO 323-77). In both cases, the absorption is highly variable and/or partly caused by broad-line region clouds Miniutti et al. 2014 ). In addition, there are three type II AGN with log N H < 22, namely the true Sy 2 candidate NGC 3147 (Pappa et al. 2001 ) and the borderline Sy 2/LINER objects 3C 317 and NGC 4374. LINERs, intermediate type AGN (and NLS1) are distributed over most of the whole N H range. No global trend of the MIR-X-ray ratio with N H is obvious in Fig. 16 when using either the intrinsic 2-10 keV or the observed 14-195 keV band, and none of the objects with limits on either R M X or N H sticks out. On the other hand, there seems to be a decline of the MIR-X-ray ratio for column densities 10 23 cm −2 . For example, the median N H is > 10 23 cm −2 for all 32 objects with a 12 µm-2-10 keV ratio < 0. In particular, all four objects with 12 µm-2-10 keV ratio < −0.3 have N H > 10 23 cm −2 (NGC 1144, NGC 3169, ESO 297-18, and NGC 5728). However, the result of the KS test splitting the whole sample at 10 23 cm −2 does not indicate significant differences (68 per cent confidence interval on p KS is from 0.2 to 27 per cent).
In order to quantify a decrease of R M X at high N H better, we first look at the weighted mean MIR-X-ray ratio for both 2-10 keV and 14-195 keV using different binnings of the column density in Fig. 17 . Here, objects with only limits on R M X are excluded, which includes 14-195 keV upper limits for the binning in L obs (14-195 keV) . Limits in N H are treated as belonging to the bin of their limit value for the sake of simplicity. This does not affect the results obtained below. The binnings using both L X and L obs (14-195 keV) for the MIR-X-ray ratio show qualitatively a
Figure 16. MIR-X-ray ratio versus the X-ray column density for the reliable sample. Top: 12 µm-2-10 keV ratio. Symbols and descriptions are as in Fig. 3 . Middle: 12 µm-14-195keV ratio for all 14-195 keV detected non-CT objects in the reliable sample. Bottom: 2-10-14-195 ratio for all objects as in the middle plot.
similar behaviour, namely a ∼ 0.1 dex increase of R M X for 22 log N H 23, followed by a decrease of ∼ 0.15 dex for log N H 23. Note that this trends occurs independently of the exact bin locations chosen as demonstrated in Fig. 17 and also when removing the outliers with the most extreme MIR-X-ray ratios at intermediate column densities visible in Fig. 16 . Thus, there is indeed a weak global decreasing trend present with, however, a maximum MIR-X-ray ratio at intermediate column densities, instead of at the lowest column densities as naively expected. The KS test, yields a median p KS = 6 per cent (68 per cent confidence interval: 0.2 to 30 per cent) between the intermediate and highly obscured objects using the thresholds above. Furthermore, the ten objects with highest obscuration (log N H > 24), exhibit the lowest average MIR-Xray ratio of 0.07 (σ M X = 0.27) compared to 0.36 (σ M X = 0.41) for objects with log N H < 24. The median p KS is 6 per cent (68 per cent confidence interval: 0.3 to 35 per cent) from a corresponding KS test. Therefore, the observed trend might be real since consistent for both L X and L obs (14-195 keV) but is not significant at a 3-σ level. The upper limits are consistent with the result except for two of the 19 objects with non-detections in L obs (14-195 keV) but detections in L nuc (12 µm), PG 2130+099 and MCG-2-8-39, which
Figure 17. MIR-X-ray ratio over X-ray column density for the reliable sample. The data are binned with 1 dex bin width and two different choices of bin centres, shifted by 0.5 dex. Cyan symbols mark the error-weighted mean for a binning using L int (2-10 keV) whereas lighter and darker color distinguish the two binnings. Magenta symbols mark a binning using L obs (14-195 keV) for the MIR-X-ray ratio again with lighter and darker color distinguishing the two binnings. The area of the filled circles is proportional to the number of objects in that bin with the smallest circle corresponding to 18 and the largest to 40 objects. The error bars mark the bin width and weighted standard deviation of the MIR-X-ray ratio in that bin. In addition, the uncertainty of the weighted means are smaller than the filled circles in all cases.
exhibit exceptionally high lower limits on the logarithmic 12 µm to 14-195 keV ratios of ∼ 0.5. Second, we perform linear regression to the obscured and unobscured subsamples as displayed in Fig. 18 . Here, we exclude 3C 273 from the analysis again. The correlation and fitting parameters listed in Table 1 show that the unobscured subsample shows a much stronger correlation and lower intrinsic scatter than the obscured subsample (log N H 23), similar to the optical type division. The linear fits of the unobscured and obscured AGN are consistent within the 1-σ uncertainties with a minimal offset of the unobscured to a higher MIR-X-ray ratio by ∼ 1 dex. The intermediately obscured subsample (22 log N H 23) has a steeper slope (1.09 ± 0.06) and higher intercept (0.43 ± 0.07). This result is insensitive against the exact selection of the N H threshold values, and removing the lowest luminosity objects would make the deviation from the fits of the other subsamples even larger. Moreover, the partial correlation coefficient and scatter are tightest for the intermediately obscured subsample, making it stand out the most. This is similar to the result of the previous test. We discuss the implications of these results in Sec. 5.4.
Dependence on radio-loudness
This section investigates whether there is any connection between MIR-X-ray correlation and the radio power of the AGN. This is interesting because non-thermal emission processes from a jet, if present, might significantly contribute or even dominate Figure 18 . Relation of the nuclear 12 µm and intrinsic 2-10 keV luminosities for the different X-ray obscuration levels. Symbols are as in Fig. 3 while light blue marks objects with log N H < 22, orange for 22 log N H 23 and dark red for log N H 23. The corresponding linmix err fits are marked by solid lines in the same colors.
the MIR and/or the X-ray emission of the AGN. For this purpose, we collect radio fluxes for all reliable objects from NED, of which 137 have detections reported in at least one frequency band. There is no single frequency band with observations of all targets. The most common is ∼ 1.4 GHz with 121 objects (mainly from White & Becker 1992; Condon et al. 1998; Condon, Cotton & Broderick 2002) , followed by ∼ 4.9 GHz with 91 objects (mainly from Edelson 1987; Gregory & Condon 1991; Gregory et al. 1994; Barvainis, Lonsdale & Antonucci 1996; Wright et al. 1996; Nagar, Wilson & Falcke 2001; Tingay et al. 2003; Gallimore & Beswick 2004; Nagar, Falcke & Wilson 2005) . Moreover, the data are highly heterogeneous with respect to the telescope used, angular-resolution, extraction apertures, and observing time. Therefore, rather than a direct comparison using the radio emission, we classify the objects into radio-quiet and radio-loud, following the definition by Terashima & Wilson (2003) 
int (2-10 keV) and R R X > −4.5 being radioloud. In order to classify objects with no available L(4.9 GHz), we use the low-angular resolution measurements for L(1.4 GHz) and L(0.8 GHz), the latter available for 33 objects (Mauch et al. 2003) . These three bands cover all 137 objects with radio detections. The average conversion factors from L(4.9 GHz) to L(1.4 GHz) and L(0.8 GHz) are log L(1.4 GHz) = (0.35 ± 0.85) + log L(4.9 GHz) and log L(0.8 GHz) = log L(1.4 GHz)(−0.14±0.12). They are computed from the 85 and 19 objects with data in both bands respectively. Because the goal is to obtain robust radio-loudness determinations, firstly, the standard deviations of the conversions are taken into account (e.g., only log L(1.4 GHz) − log L int (2-10 keV) > −3.3 is radio-loud). Secondly, high angular resolution L(4.9 GHz) data are preferred, and R R X > −3 as criterion is used when only lowangular resolution L(4.9 GHz) is available. Using these definitions, 48 objects can robustly be classified as radio-loud, and 41 as radio- Figure 19 . Relation of the nuclear 12 µm and intrinsic 2-10 keV luminosities for radio-quiet (dark-blue) and radio-loud (light-red) AGN. Symbols are as in Fig. 3 . The corresponding linmix err fits are marked by solid lines in the same colors.
quiet. These classifications are listed in Table 2 for the individual objects. Fig. 19 shows the MIR-X-ray correlation for radio-loud and radio-quiet objects. Radio-loud objects tend to exhibit on average higher MIR-X-ray ratios at low luminosities compared to the radioquiet ones, while this trend inverts at high luminosities. The transition happens between 42 log L int (2-10 keV) 43. Therefore, the corresponding radio-loud fit has a significantly flatter slope (0.90 ± 0.04) than the radio-quiet fit (1.01 ± 0.05; see Table 1 ). Note that this result does not depend on the low-luminosity objects (log L int (2-10 keV) 42). If these are removed from the fitting for the radio-loud subsample, the slope becomes even a little bit flatter (0.88 ± 0.09). The radio-quiet sample shows a remarkable high partial correlation (0.88) and small scatter (σ M X = 0.28; σ int = 0.21). Both are worse for the radio-loud subsample.
This result can be explained by the presence of a jet in the radio-loud objects which dominates the MIR emission at lowluminosities (e.g., Mason et al. 2012 ). Most of these objects are optically classified as LINERs, which showed a higher MIR-X-ray ratio already in Section 4.4. More puzzling is the situation at high luminosities where the jet apparently contributes much more to the X-rays (e.g., Hardcastle, Evans & Croston 2009 ; see next section).
DISCUSSION

Dependence of results on the fitting method
In order to investigate how the exact form of the correlation depends on the fitting method chosen, we concentrate on the L nuc (12 µm)-L int (2-10 keV) correlation for the whole reliable sample. First, we verify that the choice of input parameters for linmix err does not influence our results. If instead of three Gaussians (the default) we choose a uniform prior distribution, the intercept, a, becomes ∼ 2 per cent smaller while the slope, b, increases by ∼ 0.1 per cent. Both are much smaller than the uncertainties on a and b. Using two Gaussians leads to even smaller deviations. The same applies to changing the algorithm to create the Markov Chains or the number of random draws as long as the latter is sufficiently large (here 10 4 ). For the following comparisons, upper limits can not be taken into account. Using only the 138 detected objects in the reliable sample, a and b become 0.33±0.03 and 0.98±0.03 respectively. The correlation parameters using fitexy instead are a = 0.37 ± 0.01 and 0.99 ± 0.01 and thus consistent to within 1-σ. In other words, the difference in predicted L nuc (12 µm) depending on the algorithm is smaller than 0.07 dex over the whole luminosity range (39 log L int (2-10 keV) 46). Therefore, we conclude that the choice of fitting algorithm or inclusion of non-detections does not have a significant effect on the results obtained here.
However, we note that at least for using linmix err, the choice of independent variable makes a difference by more than 1 σ. Specifically, for using L nuc (12 µm) as independent variable, a and b become 0.33 ± 0.03 and 1.06 ± 0.03 when inverting back to the log L nuc (12 µm) = a + b log L int (2-10 keV) form. Therefore, for predicting L int (2-10 keV) based on a L nuc (12 µm) measurement, the following equation should be used:
Sample biases
The sample of the 152 reliable AGN from the MIR atlas is neither uniform nor complete. In order to test whether the MIR-X-ray correlations are representative for the local AGN population, we perform the following two tests.
Uniform sample test
First, the MIR-X-ray properties for the uniform flux-limited BAT 9 month AGN sample as defined by Winter et al. (2009a) are measured. The 14-195 keV energy band is possibly best-suited for selecting AGN because emission in this band is dominated by AGN, and it is only weakly dependent on nuclear obscuration up to CT columns. Out of the 102 objects in this sample, 80 have high angular resolution MIR photometry available. Note that four of these sources are not in the reliable AGN sample because they are AGN/starburst composites (Mrk 520, NGC 6240S and NGC 7582) or are Compton-thick without reliable intrinsic 2-10 keV emission estimates (NGC 3281). In the 12 µm-2-10 keV luminosity plane (Fig. 20) , the partial correlation rank for the 80 objects from the BAT 9 month sample is 0.74 and the intrinsic scatter is 0.24, so slightly lower values than for the reliable sample. The correlation according to linmix err is:
which is consistent with the fit for all reliable AGN. As visible in Fig. 20 , the rather high 14-195 keV flux limit of the nine-month BAT AGN sample leads to a large under-density of low-luminosity AGN in that sample. Only the X-ray brightest low-luminosity objects are detected, which biases the correlation towards a steeper slope and lower intercept. For this reason, the correlation derived from reliable AGN sample is more representative of the whole local AGN population. Note that the more recent BAT AGN sample contains more low-luminosity objects but for these the high angular resolution MIR coverage becomes too small for investigating the MIR-X-ray correlation. Finally, Compton-thick obscured objects are presumably under-represented in both the BAT and the reliable sample because of absorption in the 14-195 keV band and the difficulty to estimate reliable intrinsic 2-10 keV fluxes.
Volume-limited sample test
The second test is addressing biases caused by the incompleteness of the sample. Unfortunately, the fraction of local AGN with high angular resolution MIR photometry is too low to obtain significant coverage in representative volume-limited samples that contain low and high luminosity AGN. However, one can use distance and luminosity cuts of the reliable sample to form cubes in logarithmic distance-luminosity space with rather uniform sampling. We select a cube with 1.1 < log D < 1.7, 39 < log L int (2-10 keV) < 43, representative of the low luminosity range (Fig. 21) . It contains 39 objects, and its corresponding 12 µm-2-10 keV luminosity correlation has an intercept of a = 0.38 ± 0.12 and a slope of b = 1.00 ± 0.07, so similar to the values for the whole reliable sample. Another cube is (2.1 < log D < 2.7, 43 < L int (2-10 keV) < 44.7) with 45 objects and a = 0.01 ± 0.22 and a slope of b = 1.21 ± 0.25. This fit is steeper than that for the reliable sample although consistent within the uncertainties. Although the chosen cuts are optimizing the sampling as well as possible, the resulting luminosity coverage of this cube is not large enough to provide valuable constraints. This is indicated by the large uncertainties on a and b.
In conclusion, the sample bias tests does not indicate that the results derived from the reliable sample of AGN in the MIR atlas are affected by significant biases. However, we encourage further tests with larger volume-limited samples. While a strong MIR-X-ray correlation was reported in Elvis et al. (1978) , Glass, Moorwood & Eichendorf (1982) , Krabbe, Böker & Maiolino (2001) and Lutz et al. (2004) , a fitting-based functional description of the correlation was only attempted in Horst et al. (2006 Horst et al. ( , 2008 and Ramos Almeida et al. (2007) . While the latter work used low angular resolution ISO data, the former were based on high angular resolution ground-based MIR photometry. Horst et al. (2008) was then extended by Gandhi et al. (2009 ) Asmus et al. (2011 and finally this work. Out of these studies, the correlation parameters from Gandhi et al. (2009) are the most widely used because they apply to all classes of AGN including CT objects. The parameters are based on the observed 12 µm and intrinsic 2-10 keV luminosities for a heterogeneous sample of 42 local AGN observed with VISIR. For the fitting, the fitexy routine was used (Press et al. 1992 ) and provides as slope of 1.11 ± 0.04. The corresponding correlation is shown in Fig. 22 in comparison to the results obtained here. The slope for the Gandhi et al. sample depends on the choice of algorithm and becomes 1.00 ± 0.08 when using linmix err on the same data. The intercept is less sensitive to the fitting algorithm (0.35 ± 0.06 for linmix err). Therefore, our new results are fully consistent with Gandhi et al. (2009) . A study similar to Gandhi et al. (2009) They found a much steeper correlation log L nuc (12 µm) ∝ (1.32 ± 0.11) log L int (2-10 keV) using bisector fitting. This fit is dominated by the type II sources in their sample because the fit to the type I objects only yields a slope of 1.0 ± 0.2 consistent with Gandhi et al. (2009) and this work. They attribute the difference to star formation contamination even on small scales to the objects in their sample. In addition, half of their type II sources are Compton-thick obscured and thus have uncertain L int (2-10 keV) values. We attribute differences between our study and Levenson et al. (2009) to this and the small sample size in the latter work, in particular because our sample incorporates all objects from Levenson et al. (2009) . Lanzuisi et al. (2009 ), Mateos et al. (2015 and Stern (2015) Another often used version of the MIR-X-ray correlation is by Fiore et al. (2009) 
High luminosities -Fiore et al. (2009),
for log L tot (5.8 µm) > 43.04. At the same time, Lanzuisi et al. (2009) performed a similar study but for luminous type II AGN. They obtain a slope of 1.24 in the same notation. Thus, both slopes are much steeper than our findings as visible in Fig. 22 . Unfortunately, no uncertainties nor the algorithm used are stated in Fiore et al. (2009) and Lanzuisi et al. (2009) . However, the distribution of sources in the MIR-X-ray plane (e.g., Fig. 5 in Fiore et al. 2009) shows that there is a clear trend of increasing MIR-X-ray ratio for high luminosities (log L tot (5.8 µm) > 44). Therefore, we can exclude error treatment and fitting technique as cause for the inconsistency. Furthermore, at these high luminosities, host related MIR contamination should not be an issue, in particular for the type I AGN of Fiore et al. (2009) since these sources are presumably unobscured. On the other hand, they excluded seven objects because of their outlying position in the MIR-X-ray plane, indicating heavy obscuration. Therefore, it is possible that also some of the objects showing less extreme MIR-X-ray ratios are affected by obscuration in X-rays. Furthermore, the correlation using 5.8 µm could be intrinsically different from the 12 µm based correlation, in particular since the hot dust component dominates the MIR emission at 5.8 µm in many type I AGN rather than the warm component (dominating at 12 µm, if present; e.g., Edelson & Malkan 1986; Mor & Netzer 2012 ). Alternatively, it is possible that the MIR-X-ray correlation becomes steeper at high luminosities, although our sources overlapping with the Fiore et al. fitting region are not consistent with such a steep slope (see also discussion about Sazonov et al. 2012 below) .
Very recently, Mateos et al. (2015) and Stern (2015) reexamined the 6 µm-2-10 keV correlation. The former uses a complete, flux limited sample of 232 AGN from the Bright Ultra hard XMM-Newton Survey. The X-ray luminosities were corrected for absorption through spectral modelling while no Compton-thick sources were found in their sample. The MIR luminosities were extracted from WISE through spectral decomposition of AGN and host contributions. Using also linmix err with the X-ray luminosity as independent variable, Mateos et al. find a correlation slope of 0.99 ± 0.03 applicable for the whole range up to luminosities of 10 46 erg/s in X-rays. This agrees very well with our result ( Stern (2015), on the other hand, finds a steepening of the MIR-X-ray fit slope at luminosities above log L int (2-10 keV) ∼ 44.5 using a combination of several samples, with multiwavelength data obtained with various recent instruments. Different, to all the other works, a second order polynomial is fitted to the data with the resulting fit bending at higher luminosities to higher MIR-X-ray ratios. This result agrees with our at lower luminosities ( 10 44 erg/s) where our sampling is still high. At higher luminosities it agrees rather with Fiore et al. (2009) but not with Mateos et al. (2015) . This disagreement is not discussed in Stern (2015) . We do not attempt to solve this controversy at high luminosities here but we would like to point out that there is a mismatch between the two high luminosity samples used, "SDSS DR5" versus "highluminosity" sample in Stern (2015) . Namely, the median MIR luminosity of the former sample is 0.8 dex lower than that of the latter sample in the overlapping X-ray luminosity range of both samples (10 45 L int (2-10 keV) 10 45.9 erg/s). The fit is dominated by the "high-luminosity sample, owing to the much denser sampling in this region, and the difference between the bended fit of Stern (2015) and the straight fit of, e.g., Mateos et al. (2015) is ∼ 0.8 dex in MIR luminosity at L int (2-10 keV) ∼ 10 45.5 erg/s. Clearly, a better sampling at these luminosities is required to resolve this mismatch. Hardcastle, Evans & Croston (2009) investigate multiwavelength correlations for radio-loud AGN, namely the low-redshift 3CCR sources. In this analysis, they use the restframe 15 µm global luminosity measured by Spitzer. The absorption corrected restframe 2-10 keV luminosities are split into an unabsorbed, jet-related and an absorbed, accretion-related component. They find that the MIR luminosity is only weakly correlated with the jet-related X-ray luminosity, while the former correlates much stronger with the accretion-related component. The correlation is fitted to 36 objects with an unspecified Bayesian code that takes into account errors and upper limits, similar to linmix err. The resulting slope is 1.03 ± 0.18 and thus fully consistent with our results (Fig. 22) . Unfortunately, the data of Hardcastle, Evans & Croston (2009) do not provide a good coverage at low luminosities and show a large scatter. Thus, it is not possible to use them to directly compare to our finding of radio-loud AGN differing from the correlation of radioquiet sources. However, the results of Hardcastle, Evans & Croston (2009) are consistent with the jet increasingly contributing to the X-ray emission at high luminosities, which would explain the on average lower MIR-X-ray ratios of high luminosity radio-loud sources. Mason et al. (2012) used the correlation found from combining the samples of Gandhi et al. (2009) and Levenson et al. (2009) to probe the position of the local low-luminosity AGN in the MIR-X-ray plane. Different to Asmus et al. (2011) , they find a significant MIR-excess for those sources, in particular the radio-loud ones. Our work includes all the sources of these works and verifies this MIR-excess (Sect. 4.6), although with a smaller strength. This difference is mainly caused by differences in the 2-10 keV luminosities used, which can be very uncertain owing to the intrinsic faintness of low-luminosity AGN. For example, Mason et al. (2012) (2009b) show an even higher value of log L int (2-10 keV) = 40.9. Therefore, the longterm average X-ray luminosity is a factor of a few higher than the value used by Mason et al. (2012) . M 87 is one of the objects with the strongest MIR-excess in that work. Mullaney et al. 2011 , Ichikawa et al. (2012) and Sazonov et al. (2012 ) Mullaney et al. (2011 was the the first to make use of the Swift/BAT data to probe the MIR-X-ray correlation in the hardest X-ray regime. They cross-matched the nine-month BAT AGN catalogue with the IRAS source catalogue and used those 44 objects with detections in all four IRAS bands for fitting the correlation. Before, they applied an SED fitting routine to isolate the AGN contribution in the large aperture IRAS data. They obtain a flatter but still marginally consistent correlation slope of 0.74 ± 0.13 and a significantly higher intercept of 0.37 ± 0.08 compared to our result. Unfortunately, no detailed information is given about the fitting algorithm or sources used for the fitting. Therefore, it is difficult to address the cause for the different correlation parameters. However, as Mullaney et al. (2011) note, their SED fitting procedure tends to over-estimate the AGN contribution at low luminosities. We thus suspect that their lower MIR luminosities are still affected by host emission. In addition, the next two works find higher slopes and lower intercepts for the BAT AGN based on higher resolution MIR data. Matsuta et al. (2012) and Ichikawa et al. (2012) also use the Swift/BAT AGN catalogues to investigate the MIR-X-ray correlation at hardest X-rays but using MIR data from the most recent infrared satellites. Matsuta et al. (2012) The mid-infrared-X-ray correlation 15 22-month BAT sample arriving at 158 AGN, while Ichikawa et al. (2012) starts with the nine-month BAT sample arriving at 128 objects. Compared to Mullaney et al. (2011) and this work, these studies have the advantage of a higher coverage of the flux-limited BAT samples but suffer again by a biases towards non-CT and higherluminosity sources, as already discussed in Sect. 5.2.1. Both works find strong correlations of the observed 14-195 keV luminosities with the 9 and 18 µm luminosities, and a weaker but significant one with the 90 µm luminosities. Matsuta et al. (2012) uses the bisector method for fitting of the correlation. If we apply the same method to our reliable sample with log N H < 24, we get a slope of 0.97 ± 0.04 and an intercept of −0.18 ± 0.05. Therefore, the found correlation slopes of Matsuta et al. (2012) are slightly flatter but fully consistent with our results, while the intercept is ∼ 0.3 dex higher. These differences are presumably caused by host contamination affecting their low-resolution MIR data. Unfortunately, Ichikawa et al. (2012) does not state the exact fitting algorithm used so an accurate comparison is not possible. However, their fit is consistent with all our fits, bisector or linmix err. The similarity of the correlations between 9, 18 and 22 µm as found in Matsuta et al. (2012) and Ichikawa et al. (2012) and 12 and 18 µm in this work indicate that the difference in wavelengths contributes at most 0.1 dex in this wavelength region (at least between ∼ 8 to 24 µm). Furthermore, Matsuta et al. (2012) also fits the radio-loud sources in their sample only, also finding the trend of a flatter slope similar to our work. 
Correlations with hardest X-rays -
which is significantly flatter than our correlation (Fig. 22) and also the correlations found by Matsuta et al. (2012) and Ichikawa et al. (2012) but in good agreement with Mullaney et al. (2011) . Unfortunately, Sazonov et al. (2012) does not state which algorithm was used exactly but likely it was ordinary least square fitting with L obs (17-60 keV) as independent variable. The overlap with our reliable sample is only 33 objects (54 per cent of their clean sample). Thus, we can not robustly calculate the L nuc (12 µm)-L obs (14-195 keV) correlation for their sample. Similar to the BAT samples, the INTEGRAL sample also under-represents lower luminosities and is dominated by sources with log L obs (17-60 keV) 43. In fact, the only low-luminosity source (log L obs (17-60 keV) < 42) in their sample that is not star formation dominated is NGC 4395. They exclude this object from most analysis because as a high Eddington system with a small black hole mass in a dwarf galaxy it might belong to a physically different class of AGN. However our continuous coverage down to the low-luminosity level of NGC 4395 does not indicate any significant difference between this object and other more massive lowluminosity AGN. Including NGC 4395 into the fitting to their sample results in a formally stronger correlation with a steeper slope that would be consistent with our L nuc (12 µm)-L obs (14-195 keV) correlation. The intercept is still ∼ 0.3 dex higher in that case, which is at least partly caused by host contamination of their Spitzer data as indicated by the median ratio of F nuc (12 µm) over F Spi (15 µm) of 0.65. This contamination likely also affects the slope of the correlation or decrease of MIR-X-ray ratio with increasing luminosity as Sazonov et al. found (their Fig. 3) . Specifically, all but one (Cygnus A) of the eight sources overlapping with our reliable sample with F nuc (12 µm)/F Spi (15 µm) < 0.46 (median -standard deviation) are between ∼ 42 < log L obs (17-60 keV) < 43.5, which is the region where L Spi (15 µm)/L obs (17-60 keV) is largest in their sample. Sazonov et al. (2012) pointed out that the correlation slopes might flatten at high luminosities (log L obs (17-60 keV) 44), which is the reason they find flatter slopes compared to Gandhi et al. (2009) . Our coverage at high luminosities is better compared to both works but still we did not find compelling evidence for a decrease in the MIR-X-ray ratio (Sect. 4.3). Furthermore, a flattening appears to be inconsistent with Fiore et al. (2009) , unless the 2-10 keV and 14-195 keV or 5.8 and 12 µm wavebands decouple at high luminosities.
Finally, we note that the four NLS1 sources in Sazonov et al. (2012;  none in common with our sample) do not show significantly higher MIR-X-ray ratios than the rest of their sample, contrary to what we find for our sample.
In summary, our results are in general consistent with all previous works focusing on low to moderate luminosity AGN while there appears to be significant differences to studies focusing on high luminosity sources, whereas both flatter and steeper slopes are found (mainly for type I AGN). However, the most recent comprehensive study focusing on high luminosities does not find any change in slope, validating our result (Mateos et al. 2015) .
Implications for the torus scenario
Current clumpy and smooth torus models (e.g., Nenkova et al. 2008; Stalevski et al. 2012 ) predict differences of ∼ 0.3 dex in the MIR-X-ray ratio with changing inclination angles assuming isotropic X-ray/UV emission. This is however not found in our results neither in Section 4.4 nor in Section 4.5 which show that differences between unobscured and highly obscured objects are at best small (< 0.1 dex). Only when entering the Compton-thick obscuration regime, the MIR-X-ray ratio seems to further decrease by ∼ 0.15 dex owing to strong absorption also in the MIR (intrinsic or foreground). This small difference could be explained in three ways. First, the X-ray emission could be anisotropic as indicated by comparison to [O IV] emission coming presumably from the narrow line region (Liu et al. 2014) . Then, the anisotropy of the MIR and X-ray emission would have roughly a similar dependence on the orientation angle as recently found by Yang, Wang & Liu (2015) . Second, as the most recent interferometric results indicate, the majority of MIR emission is actually produced in the polar outflow region rather than in a canonical torus (Hönig et al. 2012 (Hönig et al. , 2013 Tristram et al. 2014) . In that case, the MIR anisotropy between face-on and edge-on systems is possibly much lower. Third, higher obscured objects could have on average higher covering factors (Ramos Almeida et al. 2011; Elitzur 2012) , which could mitigate differences. However, this effect is expected to be strongest in the high obscuration regime where we do find larger differences in the MIR-X-ray ratio. Another interesting claim is that the X-ray reflection component is possibly larger in many objects with log N H > 23 , which would lead to a lower MIR-X-ray ratio for affected sources, at least in the 14-195 keV band.
The largest MIR-X-ray ratios and differences to the other subsamples are exhibited by objects with intermediate columns, 22 log N H 23 (Sect. 4.5; Fig. 17 ). The surprising increase from low to intermediate N H can possibly be explained by a deficit of warm dust in the least obscured AGN. Indeed unobscured ob-jects with a blue MIR spectral energy distribution in Asmus et al. (2014) display on average lower MIR-X-ray ratios than those with an emission peak at ∼ 18 µm. Many of the latter have intermediate X-ray column densities. Such a behaviour is in fact predicted by where the contribution of the MIR emission to the bolometric luminosity depends on the distribution of the dust and blue MIR spectral slopes would come from a compact distribution with most of the emitting dust mass confined close to the sublimation radius (see also . Note that this explanation is independent of the obscuring fraction or opening angle and does not depend on the accretion luminosity.
It is curious that the decrease in the MIR-X-ray ratio from intermediate to high N H occurs around 10 23 cm −2 , which is the value for which the obscuration in the MIR becomes optically thick assuming a standard gas to dust ratio of 100. Therefore, selfobscuration in the torus or foreground absorption in the host might play a role here. In fact, we caution the reader concerning the direct application of these results to torus models because this MIR-X-ray analysis does not separate between AGN-intrinsic and foreground, host obscuration. The latter can be a large contributor to the measured column densities (e.g., Hönig et al. 2014) .
The uncertainties in both the host contribution to the obscuration and the isotropy of the MIR and X-ray emission does prevent us from making any statements about the obscuring fraction or opening angle and their dependencies on luminosity or object type.
At the same time, systematics dominate the uncertainties on the correlation slope and only allow constraining it to between 0.9 and 1 (Sections. 4.1, 4.2, and 4.3). Thus, the uncertainties are still too large to draw strong conclusions on bolometric corrections and underlying physics. We note however that the MIR-Xray correlation slope 1 together with the previous findings that L int (2-10 keV) ∝ L(UV) β with β ≈ 0.85 (Marchese et al. 2012b ) imply that L nuc (12 µm) ∝ L(UV) β with β < 0.85, assuming a similar geometry for the MIR, X-ray and UV emitters.
5.5
The MIR-X-ray correlation as a tool to predict N H and L int (2-10 keV)
The tightness of the MIR-X-ray correlation for all AGN types suggests that high angular resolution MIR data can be used to predict or constrain the column densities and luminosities in X-rays irrespective of the object nature. In particular for highly obscured (Compton-thick) objects or those with low S/N X-ray data, it is often difficult to reliably estimate these properties. In Fig. 23 , N H is plotted versus the ratio of observed MIR to X-ray fluxes for the reliable sample. The MIR-X-ray ratio stays constant with increasing column density up to log N H = 22.8 and then increases with growing N H . The threshold is here determined from the intrinsic to observed 2-10 keV flux ratio, which increases for higher values, which is visible in the median ratio and through a double-sided KS test. For the latter, the sub-samples above and below log N H = 22.8 show maximal difference (D KS = 0.91; log p KS = −21.38). This fact motivates us to only regard those objects with log N H > 22.8 for the N H -diagnostic, which conversely is blind to lower column densities than that, i.e. the 2-10 keV emission is only affected by obscuration above this threshold. For the corresponding subsample of 53 reliable AGN with higher column densities, N H and log F nuc (12 µm) − log F obs (2-10 keV) show a significant correlation (ρ S = 0.60; log p S = −5.6). A corresponding linmix err fit yields: log N H 10 22.8 cm −2 = (0.14 ± 0.11)
or for convenient use in directly measured quantities:
log N H cm −2 = (14.37 ± 0.11)
This equation allows in principle predicting N H to within 0.32 dex (the observed 1-σ scatter from this correlation) for significantly obscured objects. The caveat is that owing to the constancy of log F nuc (12 µm) − log F obs (2-10 keV) for log N H < 22.8, this diagnostic has in practise only predictive power for log F nuc (12 µm) − log F obs (2-10 keV) 0.64 (median + STDDEV), corresponding to log N H 23.36. A similar plot but using low-resolution MIR photometry is also discussed in Brightman & Nandra (2011; their Sect. 5, Fig. 12 ). The low angular resolution leads to a shift in the observed 12 µm-2-10 keV distribution by 0.5 to 1 dex and an increased scatter owing to significant host contamination with re-spect to our results. According to the findings of Asmus et al. (2014) , low angular resolution MIR data can only be reliably used for this N H diagnostic for objects with log L nuc (12 µm) 44, i.e., where the AGN mostly dominates the total MIR emission. Another comparable diagnostic is introduced by Severgnini, Caccianiga & Della Ceca (2012) , using the X-ray hardness ratio to better isolate CT objects.
The intrinsic 2-10 keV luminosity can directly be estimated from Eq. 2. The uncertainty of this L int (2-10 keV) prediction is 0.32 dex (the observed 1-σ scatter from the correlation). In Appendix B1, we use these derived tools to predict the intrinsic 2-10 keV luminosities and column densities of objects with uncertain X-ray properties.
Using the MIR-X-ray correlation itself as a diagnostic, we find that in most of AGN/starburst composite objects from the atlas the AGN MIR emission is well isolated at subarcsecond scales with the caveat that this diagnostic by itself can not distinguish between Compton-thick obscured AGN and star formation dominated nuclei. More details are given in Appendix B2 including a discussion of the largest outlier, the complex object NGC 4945 with a very low MIR-X-ray ratio, which can at least be partly explained by particularly high foreground extinction affecting the MIR. However, our results indicate that it is unlikely that many objects are significantly affected by this. Finally, we test the AGN nature of the uncertain objects from the AGN MIR atlas in Appendix B3.
True type II AGN and the MIR-X-ray correlation
The idea of so-called true type II AGN is based observationally on the absence of broad emission lines in polarized light (but see Antonucci 2012) and the absence of significant X-ray absorption in many type II AGN (Ptak et al. 1996; Pappa et al. 2001; Panessa & Bassani 2002) . Theoretically, the disappearance of the broad line region has been predicted to occur at low accretion rates (Nicastro 2000; Nicastro, Martocchia & Matt 2003) . Many candidates for true type II AGN were claimed over the years. However, most of them could later be shown to be either Compton-thick obscured, star formation dominated, or to show in fact broad emission line components (Shi et al. 2010) . The best remaining candidates among the local galaxies are NGC 3147 and possibly NGC 3660. However, the optical classifications for NGC 3660 are very contradicting ranging from anything between non-AGN to type I AGN (Kollatschny et al. 1983; Contini, Considere & Davoust 1998; Moran, Halpern & Helfand 1996; Véron-Cetty & Véron 2010) . Note that Shi et al. (2010) also suggests NGC 4594 but this low-luminosity object is usually classified as LINER or as Sy 1.9 (Véron-Cetty & Véron 2010). While not strictly demanded by definition, many works suggest that not only the broad line region but also the obscuring dusty structure is absent in true type II AGN. Therefore, it is interesting to test whether the candidates found so far exhibit particularly low MIR-X-ray ratios. NGC 3147, NGC 3660 and NGC 4594 are all in the AGN MIR atlas. Their nuclear MIR-X-ray ratios are R M X = 0.35; 0.38; and 0.1 respectively. Therefore, there is no evidence from the MIR point of view for the absence of a dusty obscurer or any other deviation from the other AGN for these objects.
For completeness we also regard two more distant candidates that are not included into the AGN MIR atlas. These are GSN 069 ) and Q2131-427 ). For both we use the band 3 fluxes of the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010) as a proxy for the nuclear 12 µm emission. The MIR-X-ray ratio of GSN 069 is R M X 1 (it was not detected in the 2-10 keV range; Miniutti et al. 2013) . This is well consistent with the presence of warm dust as in normal type II AGN with the caveat that the WISE data might be host contaminated. Note that GSN 069 has an extremely soft X-ray spectrum and thus 2-10 keV might not be a good intrinsic indicator in this case.
The closest WISE source to Q2131-427 has a W3 magnitude of 12.645 (distance 2.6 arcseconds). There is no other source within the confusion limit of WISE. Using the 2-10 keV flux stated by Panessa et al. (2009) , the corresponding MIR-X-ray ratio is R M X = 0.46. Since the luminosity is ≈ 10 44 erg/s, significant star formation contamination is unlikely (Asmus et al. 2011) .
We conclude that all true type II AGN candidates exhibit MIR-X-ray ratios typical of normal type II AGN and thus do not show any evidence for the absence of a dusty obscurer.
Double AGN and the MIR-X-ray correlation
During major mergers it is expected that the nuclei of both galaxies become active at some point during the process and temporarily form a binary AGN before finally the super massive black holes merge (Begelman, Blandford & Rees 1980) . This is one proposed way for black hole growth during the cosmic evolution. Here, we address the question whether these double and binary AGN also follow the same MIR-X-ray correlation as single AGN. One would expect deviations to occur latest as soon as the influence of the other AGN component starts to change the AGN structure. But also the infall process during the merger could lead significant changes in the structure already, which should be indicated by deviating MIR-X-ray ratios.
However, only very few double or binary AGN have been found so far (e.g., Wang & Gao 2010), with Mrk 463 (Hutchings & Neff 1989) and NGC 6240 (Komossa et al. 2003 ) still being the best cases.
The MIR AGN atlas contains three double AGN candidates, Mrk 266, NGC 3690 and NGC 6240. Their X-ray properties are described in detail in Appendix B4. All are major merger systems, show intense star formation and are heavily obscured along the line of sight. These complicate extracting the X-ray and MIR properties of the AGN. For Mrk 266, only for one nucleus an intrinsic X-ray luminosity is available (Mrk 266NE), placing it at a relatively high MIR-X-ray ratio (R M X = 1.22). However, the nucleus is presumably CT obscured, which would move it to a much lower ratio. This is in fact the case for both NGC 3690 and NGC 6240 where the more powerful and X-ray brighter nucleus is CT obscured with average to low MIR-X-ray ratios (NGC 3690W: R M X = 0.49 and NGC 6240S: R M X = −0.52). The low ratio of NGC 6240S might indicate significant absorption also in the MIR, similar to NGC 4945 (Appendix B2). For both systems, the fainter nuclei might also be CT obscured. But while NGC 6240N still has a nominal MIR-Xray ratio (R M X = 0.77), the one of NGC 3690E is as high as for pure star formation (R M X = 3.57). Therefore, the latter object might be star formation dominated also on nuclear scales (see also AlonsoHerrero et al. 2013 ), unless it is highly CT obscured.
Note that for another object in the AGN MIR atlas, NGC 3393, a double AGN was claimed based on Chandra observations . However, the existence of a double AGN in this regular face-on spiral is disfavoured in a recent multiwavelength analysis also using new NuSTAR data . Only a single nucleus was also detected in the MIR .
In summary, the individual AGN in the double AGN have MIR-X-ray ratios consistent with single AGN but intense star for-mation and high obscuration makes accurate measurements difficult. Additional high angular resolution data, in particular MIR spectra (e.g., Alonso-Herrero et al. 2013 can help to better isolate the intrinsic AGN power in these systems.
CONCLUSIONS
We presented an updated determination of the MIR-X-ray correlation for AGN using the subarcsecond scale 12 and 18 µm photometry from Asmus et al. (2014) and averaged X-ray properties from the most recent observations collected from the literature. Starting from the atlas sample of 253 AGN, we selected 152 objects with reliable AGN classification, no AGN/starburst composites, and trustworthy X-ray properties. This sample is not obviously biased against highly obscured objects, and although we exclude many CT object from the analysis because of unreliable L int (2-10 keV) estimates, their MIR-X-ray ratios agree well with the results summarized below (see App. B1). In particular, we obtained the following main results:
(i) An MIR-X-ray correlation is present in flux and luminosity space, extending over the whole probed range from ∼ 10 40 to ∼ 10 45 erg/s. The correlation is strong for any combinations of 12 and 18 µm and 2-10 and 14-195 keV and likely even extends to shorter (and longer) MIR wavelengths as indicated in the literature already. Its slope is between 0.9 and 1.0 depending on the exact wavelengths and samples used while the observed scatter is always < 0.4 dex. Therefore, the MIR-X-ray correlation is a useful tool to convert between X-ray and MIR luminosities irrespective of the object nature and underlying physics.
(ii) The observed MIR-X-ray ratio can be used to constrain the X-ray column density within 0.32 dex.
(iii) There is indication for a decrease of the MIR-X-ray ratio at the highest probed X-ray luminosities (∼ 10 45 erg/s) but remains statistically insignificant. Such a turn over would agree with the decrease of the dust covering factor and the results of Sazonov et al. (2012) but in contradiction to Fiore et al. (2009) and Stern (2015) . A well defined sufficiently large high luminosity sample needs to be studied in order to solve this conflict.
(iv) Differences with optical type are small. The correlation for type I AGN is tightest and type II objects dominate the scatter in the correlation of all AGN. Optical type I AGN display on average an only 0.15 dex higher MIR-X-ray ratio compared to optical type II AGN, while their correlation slopes are parallel. LINERs exhibit on average the highest MIR-X-ray ratio and have a flatter correlation slope, which is explained by their radio-loudness (see below). These differences remain statistically insignificant however.
(v) True type II AGN candidates show the same MIR-X-ray ratios as normal type II AGN and, thus, do not indicate any deficit of dust (and obscurer) in those objects.
(vi) The MIR-X-ray ratios of the individual AGN in double AGN systems are consistent with the MIR-X-ray correlation but intense star formation and heavy obscuration make measurements very uncertain.
(vii) Only the NLS1 objects are significantly different with very high MIR-X-ray ratios. However, the MIR-X-ray properties of a larger sample of NLS1 have to be studied for more conclusive results.
(viii) The differences between X-ray obscured and unobscured AGN are smaller (< 0.1 dex) than expected from torus models but can be explained by either an anisotropy in the X-ray emission or the MIR emission being dominated by dust in the outflow region.
Only CT sources have significantly lower MIR-X-ray ratios than unobscured AGN. AGN with intermediate obscuration show the highest MIR-X-ray ratio which is possibly related to a deficit of warm dust in many unobscured AGN as indicated by their MIR spectral energy distributions.
(ix) Radio-loud AGN differ from radio-quiet AGN also in the MIR-X-ray plane in having a significantly flatter correlation slope leading to higher MIR-X-ray ratios at low luminosities and lower ratios at high luminosities. This can be explained by an additional MIR contribution or dominance of the jet at low luminosities while the jet contributes much more to the X-rays at higher luminosities. 
APPENDIX A: XRT SPECTRAL FITS
For 19 sources, we analysed Swift/XRT data using the online data products and tools from the UK Swift Science Data Centre ). These were used to build average calibrated 0.3-10 keV spectra of all XRT observations for each object, which were then fitted with an absorbed power-law in the 1 to 10 keV range using the XSPEC package v12.8.2 (Arnaud 1996) . The fitting results are summarised in the following Table A1 . Galactic absorption was taken into account, and in case the fitted intrinsic absorption was smaller, we used the former as upper limit for N H . Two objects with strong absorption/low S/N are individually discussed in Appendix B4.
APPENDIX B: THE REMAINING SOURCES FROM THE AGN MIR ATLAS
In the following sections, the remaining objects from the MIR AGN atlas that were not included in the reliable sample are discussed in three groups:
-X-ray unreliable AGN: objects that are known securely to host AGN without significant star formation contamination, but do not have reliable L int (2-10 keV) estimates, see Section B1; -AGN/starburst composites: objects that have certain AGN but possibly suffer from significant star formation contamination, see Section B2; -uncertain AGN: objects with controversial or insufficient evidence for the presence of an AGN (similar to Asmus et al. 2014 ), see Section B3.
In addition, particularly interesting objects are further discussed in App. B4 individually.
B1 The X-ray unreliable and Compton-thick AGN
Using Equations 6 and 2, we can now predict N H and L int (2-10 keV) for the 45 AGN from the AGN MIR atlas that we had to discard because of uncertain L int (2-10 keV) and/or N H values (see Table B1 ). Of these, 22 are previously classified as CT or CT candidates and are shown in Fig. 23 . Only two of these objects are incompatible with being CT within the uncertainties using our N H diagnostic (NGC 1667 and NGC 5363). Both objects have more than 1 dex lower predicted L int (2-10 keV) than stated in the literature assuming they are CT (see Fig. B1 ). NGC 7743 has not been detected in the MIR but the resulting upper limit on the predicted L int (2-10 keV) is also significantly lower than the value stated in the literature assuming CT obscuration.
Of the 23 objects previously not classified as Comptonthick, seven are compatible with being CT within the uncertainties (ESO 253-3, IC 4518W, IRAS 01003-2238, IRAS 05189-2524, NGC 34, NGC 3982, and NGC 4736) . All these objects have indeed predicted L int (2-10 keV) values significantly higher than the values found in the literature for non-CT scenarios. Finally, our diagnostics predict L int (2-10 keV) and N H in good agreement with the literature values for the remaining sources, where the latter is available (apart from one exception: NGC 5005). Therefore, it is not surprising that all the other X-ray unreliable objects are lying close to the MIR-X-ray correlation as shown in Fig. B1 .
Note that 13 of the 22 objects listed as bona-fide CT in Gandhi et al. (2014) are included in the atlas as well (NGC 7582 is excluded because it turned out to be a changing look AGN; see, e.g., Asmus et al. 2014 Figure B1 . Distribution of the X-ray unreliable AGN in the observed 12 µm to intrinsic 2-10 keV plane. Symbols are as in Fig. 3 . All reliable AGN are in light gray and the long dashed line is their linmix err fit. X-ray unreliable sources are plotted with colours.
follow the general MIR-X-ray correlation, which indicates that this will also be the case for the whole local CT population.
B2 Contamination of AGN/starburst composites
The AGN MIR atlas contains 18 AGN/starburst composite objects with verified AGN . They were excluded from the reliable sample because the intense nuclear and/or circumnuclear star formation possibly contaminates or even dominates their high angular resolution MIR photometry. Indeed, often the nuclear MIR emission is extended on subarcsecond scales, making it difficult to separate AGN and starburst contributions. Even worse, the star formation can significantly contribute also to the Xray emission in the case of low-luminosity AGN, and/or obscure the AGN even if it is very powerful. In fact, at least five of the 18 composite sources are CT obscured (NGC 2623, NGC 3690W, NGC 4945, NGC 6240S, and NGC 7130) . Therefore, the composite objects are not well suited for determinations of the MIR-Xray correlation. However, we can use the MIR-X-ray correlation to possibly obtain a better understanding of the dominant power source in these objects. For this purpose, their X-ray properties are collected from the literature as for the other objects of the atlas (as described in Sect. 2). The corresponding properties and references are given in Table B2 . For three sources (ESO 420-13, Mrk 897 and NGC 7496), unfortunately, no X-ray observation has been published, while the nucleus of NGC 5953 remained undetected in hard X-rays during Chandra snapshot observations. Therefore, we can predict only their L int (2-10 keV) under the assumption that their subarcsecond MIR luminosities are AGN dominated (listed in Table B2 ). Furthermore, three AGN/starburst composites either suffer CT obscuration or have complex X-ray properties that do not allow for any intrinsic X-ray luminosity estimates (III Zw 35, NGC 7592W and UGC 5101). For these, the available observed Xray luminosities predict CT obscuration using Equation 6 and the above assumption of AGN MIR dominance.
The remaining 11 AGN/starburst composites are plotted in the 12 µm-2-10 keV plane next to the reliable AGN in Fig. B2 using their unresolved nuclear MIR emission. For comparison, the pure Figure B2 . Distribution of AGN/SB composite objects and uncertain AGN in the observed 12 µm to intrinsic 2-10 keV plane. Symbols are as in starburst galaxies from Ranalli, Comastri & Setti (2003) are plotted as well. For those the total MIR and X-ray luminosities are used in the absence of nuclear compact emission (see also Asmus et al. 2011) . These sources follow their own MIR-X-ray correlation with a similar slope but an MIR-X-ray ratio of ∼ 3 dex, which is ∼ 2.7 dex higher than that of the reliable AGN. Therefore, we expect composite sources to also exhibit high MIR-X-ray ratios, lying close to the pure starbursts in the MIR-X-ray plane. However, most of the verified composite sources, 9 out of 11, are surprisingly close to the correlation of the reliable AGN, indicating that their nuclear MIR emission is not dominated by star formation.
One exception is NGC 3690E with a very high MIR-X-ray ratio similar to a pure starburst. However, this sources is a good candidate for Compton-thick obscuration (see Appendix B4), which would mean an order of magnitude higher intrinsic X-ray luminosity and thus lower MIR-X-ray ratio. Unfortunately, the available data in the MIR and X-ray are not sufficient to distinguish whether the nuclear MIR emission is star formation contaminated or the nucleus is Compton-thick obscured in X-rays. At least, deep silicate absorption features in the lower resolution Spitzer MIR spectrum of NGC 3690E indicates indeed heavy absorption but also strong PAH emission (typical for star formation).
The other extreme outlier is NGC 4945, which exhibits instead an extremely low MIR-X-ray ratio (R M X = −2.54), i.e. being either MIR under-luminous or X-ray over-luminous by almost three orders of magnitude (see also discussion in Gandhi et al. 2015) . As discussed in Asmus et al. (2014) , this very nearby object; D ∼ 4 Mpc) shows very extended nuclear MIR emission dominated by star formation with a relatively faint core. This makes the estimation of the nuclear AGN-related MIR emission very difficult. However, this complication is not sufficient to alone explain the low MIR-X-ray ratio.
For example, the object distance could also contribute. Artificially moving NGC 4945 to the median distance of the AGN MIR atlas (72 Mpc), all emission within ∼ 7 would be unresolved. In that case the F nuc (12 µm) would be between ∼ 400 to 2000 mJy (the fluxes in the Spitzer/IRS and ISO/PHT-S spectra; Spoon et al. 2000; Pérez-Beaupuits et al. 2011 ), and thus 20-100 times higher (1.3-2 dex). Thus, a possible intrinsic resolution effect can also not explain the MIR-X-ray ratio by itself. This is, in fact, unlikely because firstly it would mean that the MIR emission of AGN in general is dominated by unresolved circumnuclear star formation contradicting, e.g., Asmus et al. (2011) and Asmus et al. (2014) , and secondly because other comparably close and powerful objects like Circinus show even higher than average MIR-X-ray ratios (R M X = 0.39).
On the other hand, NGC 4945 is Compton-thick obscured in X-rays exhibiting a highly variable and complex spectrum (e.g., -Notes: (1), (2), (3), and (4), short object name, distance, optical class, and nuclear 12 µm luminosities from Asmus et al. (2014) ; (5) average observed 2-10 keV luminosity; (6) average X-ray column density from the literature; (7) average absorption-corrected 2-10 keV luminosity from the literature; (8) predicted X-ray column density using Eq. 6; (9) predicted absorption-corrected 2-10 keV luminosity using Eq. 2; (10) average observed 14-195 keV luminosity from Swift/BAT by combining the data of the 54 and 70 month source catalogues Baumgartner et al. 2013) ; (11) Marinucci et al. 2012b) . In fact, the intrinsic 2-10 keV luminosity estimates span two orders of magnitude (Yaqoob 2012) . However, the most recent NuSTAR observations are consistent with the average luminosity adopted here (Puccetti et al. 2014) . Despite this, the source is possibly beamed, in which case the isotropic emission estimates would be an order of magnitude too high (Yaqoob 2012) . The X-ray spectral analysis also indicates that the CT obscurer has a small filling factor of only 0.1-0.15 and thus is relatively compact (e.g., Yaqoob 2012; Puccetti et al. 2014) .
In that case, the MIR emission of that obscurer would also be significantly lower compared to typical obscurers with filling factors of ∼ 0.5. Finally, data at multiple wavelengths provide ample evidence for unusually high foreground extinction towards the AGN in NGC 4945 even covering the narrow-line region (Moorwood et al. 1996; Spoon et al. 2000; Pérez-Beaupuits et al. 2011) . This is, for example, evident from the extremely deep silicate absorption feature at 9.7 µm, implying an attenuation factor of ∼ 25 (1.4 dex) at 12 µm with large uncertainties of the order of 1 dex (Pérez-Beaupuits et al. 2011) . A similar correction factor based on the ratio of the 6.2 to 7.7 µm PAH features was already used by Krabbe, Böker & Maiolino (2001) to correct the MIR emission of NGC 4945.
In conclusion, none of the effects described above can explain by themselves the extraordinary low MIR-X-ray of NGC 4945. Because of this high extinction also towards the narrow line region, corresponding intrinsic power estimates based on the emission lines
can not be used to constrain the intrinsic MIR and X-ray luminosities either. It is beyond the scope of this work to further investigate the obviously complicated situation of this source. Note however, that interestingly, the ratio of the observed MIR to observed 2-10 keV ratio is consistent with the MIR-X-ray correlation.
Finally, this discussion suggests that other objects could also be affected by high foreground extinction which would be indicated by an extremely deep silicate 9.7 µm absorption feature. Indeed, the average MIR-X-ray ratio of sources with deep silicate features is lower than those of the type II and X-ray obscured AGN ( R M X = 0.15, σ M X = 0.35). However, of the three with the deepest silicate absorption in the reliable sample (ESO 506-27, NGC 4992, and NGC 7172), ESO 506-27 exhibits a high MIR-Xray ratio (R M X = 0.52). Furthermore, only NGC 5728 of the four objects with R M X < −0.3 exhibits deep silicate 9.7 µm absorption (NGC 1144, NGC 3169, ESO 297-18 and NGC 5728; Asmus et al. 2014) . Because of this ambiguity and the large difficulties to derive reliable attenuation factors, we refrain from applying an MIR absorption correction to the objects in this work. The numbers above demonstrate that such a correction would not alter the overall results derived here significantly.
B3 Classification of uncertain AGN
The MIR Atlas of Asmus et al. (2014) also includes 38 uncertain AGN, galactic nuclei with insufficient or contradicting evidence for an accreting supermassive black hole being the main source of emission from those galactic nuclei. Most of these are nearby sources with low-luminosities. We have searched the literature for X-ray measurements of the objects with the same procedure as in Sect. 2. The properties of all uncertain AGN relevant here are summarized in Table B3 , including predicted L int (2-10 keV) and N H from Equations 2 and 6 (whenever possible).
Eleven nuclei do not have any published X-ray detection with sufficient counts for estimating even the observed flux in the 2-10 keV range (ESO 500-34, ESO 602-25, IRAS08572+3915, NGC 1433, NGC 3094, NGC 3607, NGC 3628, NGC 4746, NGC 5258, NGC 6221 and NGC 7590) . Therefore, L int (2-10 keV) can only be predicted, or constrained in case of MIR non-detections, for those objects. Note that two of Xray non-detections, ESO 500-34 and NGC 6221, have actually been detected with Swift/BAT at 14-195 keV. Their predicted L int (2-10 keV) values agree well with the expectation from the 2-10 keV-14-195 keV correlation (Sect. 4.2).
Another seven nuclei have no or contradicting intrinsic luminosity estimates (IC 883, IRAS 11095-0238, IRAS 15250+3609, NGC 3521, NGC 4418, NGC 5866 and NGC 6810) . Three of these (IC 883, NGC 3521 and NGC 5866) are undetected in the MIR at subarcsecond scales, and again only L int (2-10 keV) can be predicted. For the others also N H predictions are possible and indicate Compton-thick obscuration for the nuclei in all four cases. However, for the three AGN/starburst composite candidates among them ( IRAS 11095-0238, IRAS 15250+3609 and NGC 6810) again our diagnostics can not distinguish between CT obscured and star formation dominated nuclei.
The remaining 20 uncertain AGN have estimates for L int (2-10 keV) directly from the X-ray data and are plotted as well in Fig. B2 . Ten of these have only upper limits on their nuclear MIR luminosities, all of which are consistent with the MIR-X-ray correlation and thus with being real AGN. However, we note that 3C 264 and NGC 4785 exhibit quite low MIR-X-ray ratios (R M X < −0.15), indicating that these sources are possibly not AGN powered. On the other hand, for NGC 4785 firm evidence for the presence of a CT AGN is presented by Gandhi et al. (2015) and used here for L int (2-10 keV). Thus, it is possible that NGC 4795 is also extincted in the MIR similar to NGC 4945. Note that this scenario is very unlikely for 3C 264 as there is no evidence for significant obscuration (Appendix B4). From the other ten objects with both nuclear MIR detections and intrinsic X-ray luminosity estimates, six exhibit very high MIR-X-ray ratios (R M X > 1.2). Among those are the AGN/starburst composites candidates IRAS 00188-0856, ESO 286-19, Mrk 266NE and NGC 1808. The former three are possibly CT obscured, while the latter, NGC 1808 is unlikely to host a heavily obscured AGN. Thus, we conclude that NGC 1808 is star formation dominated even on subarcsecond scales. The other two sources with high MIR-X-ray ratios are NGC 3627 and NGC 4303. Both do not show signs of heavy obscuration in the X-rays, and therefore we can conclude that their nuclear activity is not AGNdominated. This finally leaves four uncertain AGN which exhibit nuclear MIR-X-ray ratios typical of AGN (NGC 613, NGC 3660, NGC 4438 and NGC 4457). NGC 613 and NGC 3660 are indeed good candidates for AGN-dominated nuclei, while for NGC 4438 and NGC 4457 large uncertainties remain owing to their possibly CT nature (see Appendix B4).
In summary, we note that the ambiguity in the MIR-X-ray ratio between a star formation dominated nucleus and CT AGN dominated nucleus severely constrain the diagnostic power of the MIR-X-ray correlation for many objects. Despite this, we manage to identify four nuclei (3C 264, NGC 1808, NGC 3627 and NGC 4303) as presumably not AGN powered and confirm AGN in another two (NGC 613 and NGC 3660). -Notes: (1), (2), (3), and (4), short object name, distance, optical class, and nuclear 12 µm luminosities from Asmus et al. (2014) ; (5) average observed 2-10 keV luminosity; (6) average X-ray column density from the literature; (7) average absorption-corrected 2-10 keV luminosity from the literature; (8) predicted X-ray column density using Eq. 6; (9) predicted absorption-corrected 2-10 keV luminosity using Eq. 2; (10) average observed 14-195 keV luminosity from Swift/BAT by combining the data of the 54 and 70 month source catalogues Baumgartner et al. 2013) ; (11) -Notes: (1), (2), (3), and (4), short object name, distance, optical class, and nuclear 12 µm luminosities from Asmus et al. (2014) ; (5) average observed 2-10 keV luminosity; (6) average X-ray column density from the literature; (7) average absorption-corrected 2-10 keV luminosity from the literature; (8) predicted X-ray column density using Eq. 6; (9) predicted absorption-corrected 2-10 keV luminosity using Eq. 2; (10) average observed 14-195 keV luminosity from Swift/BAT by combining the data of the 54 and 70 month source catalogues Baumgartner et al. 2013) ; (11) 
B4 Notes on selected objects
B4.1 3C 264 -NGC 3862
3C 264 is a FR I radio source harboured in NGC 3862 with a tentative Sy 2/LINER classification. It has not been detected at subarcsecond resolution in the MIR. The XMM-Newton and Chandra data (Donato, Sambruna & Gliozzi 2004; suggest an unabsorbed X-ray luminosity that is still consistent with the expected upper limit value from the MIR-X-ray correlation but does not leave much room for the MIR flux of an actively accreting nucleus in 3C 264.
B4.2 3C 305
Evans et al. (2008c) did not detect the nucleus of 3C 305 in XMMNewton data. Hardcastle et al. (2012) detect the nucleus embedded in extended soft emission based on Chandra observations. While they provide an unabsorbed fit (log L int (2-10 keV) = 40.3), they state that the source might be highly obscured. Therefore, the source is excluded from the reliable sample. The MIR-X-ray correlation provides an upper limit on log L int (2-10 keV) = 42.7, not constraining the highly obscured scenario.
B4.3 3C 327
3C 327 was observed with Chandra ). We analyzed the data and find the source to be most likely Compton-thick obscured with a strong Fe Kα line. Unfortunately, the S/N of the detection is insufficient for a proper modelling of the X-ray spectrum. Therefore, we assume a similar geometry of the reflector to other well known CT AGN with an albedo of 0.022 and a reflection fraction of 0.04 (similar to NGC 1068). Owing to all these assumptions and uncertainties, 3C 327 is excluded from the reliable sample. The resulting intrinsic luminosity estimate from our X-ray analysis (log L int (2-10 keV) = 45.3) is ∼ 1 dex higher than the expectation from the MIR-X-ray correlation, while the Comptonthickness is verified.
B4.4 3C 424
The nucleus of 3C 424 was only faintly detected with Chandra . Reliable modelling of the intrinsic X-ray luminosity is not possible, and thus, 3C 424 is excluded from the reliable sample.
B4.5 3C 449
The X-ray emission of 3C 449 is dominated by soft extended emission and no nuclear hard point source was detected during Chandra observations (Balmaverde, Capetti & Grandi 2006) . Thus, the lower resolution XMM-Newton data can not be used to analyse the AGN (Donato, Sambruna & Gliozzi 2004) , and 3C 449 is excluded from the reliable sample.
B4.6 ESO 253-3
No X-ray properties are published for ESO 253-3 but it has been observed with Swift/XRT. The corresponding X-ray spectrum suffers from low S/N and shows heavy obscuration. It can be fit with the combination of an absorbed and an unabsorbed power-law (Γ 1 = 2.56; Γ 2 = 1.75; log L int (2-10 keV) = 42.9; log N H = 23.5).
As noted in Asmus et al. (2014) , ESO 253-3 possibly hosts a double AGN which would be unresolved with XRT. Owing to this, the low S/N, and thus ill constrained obscuration, we conservatively exclude ESO 253-3 from the reliable sample. Indeed, the MIR-Xray correlation predicts a value of log L int (2-10 keV) more than an order of magnitude higher and possibly CT obscuration.
B4.7 ESO 286-19
Ptak et al. (2003) do not find any evidence for an AGN in the relatively deep Chandra data of the AGN candidate ESO 286-19 (see also Iwasawa et al. 2011) . On the other hand, Franceschini et al. (2003) and Brightman & Nandra (2011a) claim the detection of an obscured AGN in the shallower XMM-Newton data. This claim is backed up by the analysis of deep ASCA data also finding an AGN component (Misaki et al. 1999) . The average intrinsic X-ray luminosity found is log L int (2-10 keV) = 42.39. The nuclear MIR emission predicts a much higher log L int (2-10 keV) = 44.3 and Compton-thick obscuration, log N H = 24.8 ± 0.44, assuming the L obs (2-10 keV) from Brightman & Nandra (2011a). Heavy obscuration is also indicated by the very deep silicate absorption features in the MIR spectrum. However, significant star formation might be present since ESO 286-19 is a merger system. Clearly more data are needed to determine the dominating power source in this system.
B4.8 ESO 500-34
We did not find any 2-10 keV X-ray data on the AGN candidate in ESO 500-34 but it was detected at 14-195 keV in the 54 month BAT catalogue with a luminosity of L obs (14-195 keV) = 42.72 ; but not in the 70 month). The nuclear MIR emission upper limit provides an upper limit on the intrinsic Xray luminosity of log L int (2-10 keV) 42.8 through the MIR-Xray correlation. This agrees well with the expectation from the 14-195 keV luminosity.
B4.9 IC 883
IC 883 is an infrared luminous galaxy with an uncertain AGN/starburst composite nucleus. For the nuclear MIR flux only an upper limit is available. Iwasawa et al. (2011) present Chandra data on this object showing a complex morphology with indication but no clear evidence of an AGN (see also discussion in Modica et al. 2012) . The upper limit on the intrinsic X-ray luminosity of any AGN in IC 883 from the MIR-X-ray correlation is log L int (2-10 keV) 43.9, so leaves sufficient room for a highly obscured AGN.
B4.10 IC 4518W
de Rosa et al. (2008) and Pereira-Santaella et al. (2011) analyse the XMM-Newton data on IC 4518W that were taken only few days apart but find more than one dex different values for L obs (2-10 keV) (and also L int (2-10 keV)). The analysis by Rodriguez, Tomsick & Chaty (2008) of Swift/XRT data yields intermediate results between the above values. All works agree on a high obscuration (log N H = 23.29). Owing to the inconsistency of the different measurements, IC 4518W is excluded from the reliable sample. Interestingly, the predictions for L int (2-10 keV) and N H are in best agreement with Rodriguez, Tomsick & Chaty (2008) and thus the average of all the above measurements.
B4.11 III Zw 35
González- analysed the Chandra and XMMNewton data of the AGN/starburst composite III Zw 35 and faintly detected the northern nucleus, which holds the AGN in this merger system. However, the S/N is insufficient to perform a spectral analysis and the X-ray luminosity can only be estimated (log L obs (2-10 keV) = 40). Based on the very low Xray-[O III] ratio, González-Martín et al. (2009a) then suggests that the AGN might be Compton-thick obscured. This scenario would agree with the prediction from the MIR-X-ray correlation (log L int (2-10 keV) = 43.0 ± 0.4; log N H = 25.2 ± 0.5). On the other hand, the spectral information in the MIR at subarcsecond scales is insufficient to exclude significant star formation contamination of the nuclear MIR luminosity estimate.
B4.12 IRAS 00188-0856
The ultra luminous infrared galaxy IRAS 00188-0856 possibly contains an AGN/starburst composite nucleus, which was detected in the MIR at subarcsecond scales. It was also detected with Chandra but with an insufficient S/N for spectral analysis . The deeper XMM-Newton data have a better S/N and are fitted with an unabsorbed model in Teng & Veilleux (2010) resulting in log L int (2-10 keV) = 41.71, without further discussion. The resultant very high MIR-X-ray ratio of IRAS 00188-0856 suggests that this source is either completely star formation dominated or contains a Compton-thick AGN with an intrinsic X-ray luminosity of log L int (2-10 keV) = 44.5 ± 0.4. Note that the very deep silicate absorption features in the MIR indicate heavy obscuration towards the nucleus consistent with the CT scenario.
B4.13 IRAS 01003-2238
IRAS 01003-2238 was only detected below 5 keV during XMMNewton observations (Nardini & Risaliti 2011 ). The detection with Chandra was too faint for any extraction of AGN properties . Nardini & Risaliti (2011) interpret the data as IRAS 01003-2238 hosting a Compton-thick obscured AGN. Conversely, it is excluded from the reliable sample. The scenario of heavy obscuration is supported by the predictions from the MIR-X-ray correlations and the deep silicate absorption features ).
B4.14 IRAS 04103-2838
IRAS 04103-2838 was only very weakly detected with Chandra . More information can be extracted from XMMNewton data which indicate that the AGN is CT obscured . Therefore, no reliable L int (2-10 keV) estimate is possible and the source is excluded from the reliable sample. The diagnostics based on the MIR-X-ray correlation support the CT scenario.
B4.15 IRAS 05189-2524
X-ray observations of IRAS 05189-2524 provide very different results Teng & Veilleux 2010; Brightman & Nandra 2011a ). In particular, Teng et al. (2009) note that during the latest Suzaku observations, the observed flux was a factor of 30 lower because of the AGN either turning off or a dramatic increase in obscuration. Owing to this, the average intrinsic X-ray luminosity of IRAS 05189-2524 is very uncertain, and thus the object is excluded from the reliable sample. The MIR-X-ray correlation in fact predicts a high intrinsic luminosity (log L int (2-10 keV) = 44.5 ± 0.4) and CT obscuration. The most recent X-ray observations with NuS-TAR however suggest that the AGN is not CT obscured (Teng et al., in prep.) .
B4.16 IRAS 08572+3915
IRAS 08572+3915 is another ultra luminous infrared galaxy with an uncertain AGN/starburst composite nucleus. While, it was detected in the mid-infrared at subarcsecond scales, no X-ray detection could be achieved with XMM-Newton and Suzaku. Only in the soft X-ray band, the source is detected in Chandra observations ). Under the assumption that the nuclear MIR emission is AGN-dominated, the intrinsic X-ray luminosity is predicted to be log L int (2-10 keV) = 44.7±0.4 with log N H = 25.0±0.4 according to the MIR-X-ray correlation. This scenario would also be consistent with the deep silicate absorption features present in the MIR.
B4.17 IRAS 11095-0238
The ultra luminous infrared galaxy IRAS 11095-0238 was only very weakly detected with Chandra, not allowing a detailed spectral analysis (Teng & Veilleux 2010) . The observed X-ray luminosity is log L obs (2-10 keV) = 41.41 while the MIR-X-ray correlation predicts an intrinsic X-ray luminosity of log L int (2-10 keV) = 44.55 ± 0.39 and Compton-thick obscuration (log N H = 25.24 ± 0.35) if a powerful AGN is indeed present in this object. Heavy obscuration is also indicated by the extremely deep silicate absorption features in the MIR spectrum. However, strong star formation even dominating the MIR can not be excluded with the current data.
B4.18 IRAS 15250+3609
IRAS 15250+3609, an ultra luminous infrared galaxy and AGN candidate, was first detected in X-rays with Chandra . However, the detection was too faint for any further analysis. A better detection was achieved with later XMM-Newton observations, indicating that the object is Compton-thick obscured in X-rays (Teng & Veilleux 2010) . Therefore, no reliable intrinsic luminosity estimate could be given. The MIR-X-ray correlation indicates log L int (2-10 keV) = 44.36±0.37 and also Compton-thickness (log N H = 25.43 ± 0.48). The MIR spectrum shows heavy obscuration through deep silicate absorption features as well. Similar to IRAS 11095-0238, star formation can not be excluded as main driver of the nuclear MIR emission however, and thus the results are not sufficient to proof the presence of a Compton-thick AGN in IRAS 15250+3609.
B4.19 Mrk 266
Mrk 266 is a merger system hosting possibly a double AGN, the confirmed Sy 2 Mrk 266SW, and the composite candidate Mrk 266NE. A comprehensive study of both nuclei based on XMMNewton and Chandra data is presented in Mazzarella et al. (2012) and is used here. Only in Chandra, the emission from both nuclei is resolved and can be disentangled. Mrk 266SW turns out to be the apparently fainter nucleus in X-rays. The low S/N of the detection does not allow for a detailed spectral fitting. The observed X-ray luminosity is log L obs (2-10 keV) = 41.44. However, the flat spectral slope and presence of a strong Fe Kα line indicate that Mrk 266SW is heavily obscured. Thus, the X-ray properties of Mrk 266SW are not reliable. The nuclear MIR luminosity predicts an intrinsic X-ray luminosity of log L int (2-10 keV) = 42.14 ± 0.38 and heavy but Compton-thin obscuration (log N H = 23.6 ± 0.4). The brighter observed X-ray spectrum of Mrk 266NE, on the other hand, can be modelled with an absorbed power-law can a moderate column density, log N H = 22.91, resulting in an intrinsic X-ray luminosity of log L int (2-10 keV) = 41.74. González-Martín et al. (2009b) find a similar L int (2-10 keV) and N H from analysing the same date despite stating a significantly higher observed 2-10 keV flux. On the other hand, González-Martín et al. (2009a) mention that Mrk 266NE might be Compton-thick obscured based on the X-ray-[O III] ratio with a much higher intrinsic X-ray luminosity (log L int (2-10 keV) = 43.56). The predicted log L int (2-10 keV) = 42.69 ± 0.44 from the MIR-X-ray correlation is in between both obscuration scenarios while the predicted column density is in fact mildly CT (log N H = 24.12 ± 0.69). Unfortunately there is no MIR spectral information available at subarcsecond scales, which would give information about nuclear star formation and obscuration. However, both are strong on larger scales , so that we can not distinguish whether the nuclear MIR emission of Mrk 266NE is star formation dominated, or whether it is AGN dominated with heavy obscuration.
B4.20 NGC 34
Unfortunately, only one X-ray observation has been analyzed an published so far for NGC 34. Guainazzi, Matt & Perola (2005) and Brightman & Nandra (2011a) model the object as highly obscured (but Compton-thin), while Shu et al. (2007) claim that the obscuration is Compton-thick. The latter is support by the low X-ray-[O III] ratio but on the other hand no Fe Kα line was detected. Esquej et al. (2012) argue that the nucleus of NGC 34 is instead starburst dominated which is consistent with the MIR data (see also Asmus et al. 2014) . Therefore, NGC 34 is excluded from the reliable sample. Owing to the possible star formation contamination of the subarcsecond MIR luminosity, the prediction for L int (2-10 keV) from MIR-X-ray correlation is not reliable.
B4.21 NGC 253
The presence of an AGN in the nearby starburst galaxy NGC 253 has been controversially discussed throughout the literature. In Xrays, an obscured point source, X-1, was detected close to the nucleus with Chandra (Weaver et al. 2002) . While it does not coincide with the compact non-thermal radio source it is within the range of possible location for the dynamical centre of NGC 253 (Müller-Sánchez et al. 2010) . Interestingly, during the deep Chandra/NuSTAR monitoring in 2012, X-1 was not detected but a similarly bright source ∼ 1 arcsec away (Lehmer et al. 2013 ). This new source however, has a different X-ray spectrum and its location is incompatible with X-1. Its properties are typical for an ultraluminous X-ray binary. In addition, the high energy emission detected by NuSTAR does not match expectations from an AGN as source. Combining all results, it is not clear whether X-1 is an X-ray binary or obscured AGN. Since no compact MIR source was detected at subarcsecond scales at the centre of NGC 253, its AGN nature is still unclear. The corresponding MIR upper limit puts through the MIR-X-ray correlation an upper limit on the intrinsic X-ray luminosity of log L int (2-10 keV) 41.52, well compatible with the estimates from Weaver et al. (2002) and Müller-Sánchez et al. (2010) .
B4.22 NGC 613
The AGN candidate in NGC 613 has been observed with XMMNewton and shows a heavily obscured but Compton-thin X-ray spectrum with an intrinsic luminosity of log L int (2-10 keV) = 41.55. The predicted value from the MIR-X-ray correlation is in good agreement, as well as the predicted X-ray column density. Together with the compact MIR morphology at subarcsecond scales, this strongly favours the presence of an AGN in NGC 613 in addition to the circumnuclear star formation.
B4.23 NGC 1614
Risaliti et al. (2000) were the first to claim the existence of an AGN in the starburst galaxy NGC 1614 from BeppoSAX observations. Brightman & Nandra (2011a) provide the analysis of newer XMM-Newton data and find a merely obscured AGN with log L int (2-10 keV) = 41.23. However, Herrero-Illana et al. (2014) argue using recent Chandra data that there is no evidence for an AGN in NGC 1614. An AGN was also not clearly detected in the subarcsecond MIR observations. The corresponding upper limit from the MIR-X-ray correlation is log L int (2-10 keV) 43.79 and thus not constraining the presence of an AGN.
B4.24 NGC 1667
NGC 1667 appears to be Compton-thick obscured in the ASCA, XMM-Newton and Suzaku observations Brightman & Nandra 2011a; Marinucci et al. 2012a ). However, no Chandra data have been published for this low-luminosity AGN and it remains uncertain how strongly the lower resolution data of the other telescopes are affected by extended host emission. No reliable intrinsic X-ray luminosity estimate is available for NGC 1667 and it is thus excluded from reliable sample. The predictions from the MIR-X-ray correlation agree better with Compton-thin obscuration but would as well be affected by host contamination of L obs (2-10 keV).
B4.25 NGC 1808
A long-term variable hard X-ray source in the starburst galaxy NGC 1808 was first detected by Awaki et al. (1996) using ASCA. Jiménez-Bailón et al. (2005) then used Chandra and XMM-Newton to resolve the individual sources in this galaxy and find a central ultra luminous X-ray source or low-luminosity AGN without significant obscuration. Brightman & Nandra (2011a) analysed only the XMM-Newton data and find a slightly more powerful and moderately obscured AGN. In the MIR, a compact but resolved source was detected at subarcsecond scales. As indicated by the corresponding MIR spectrum, the emission is still star formation dominated at these scales (see also González-Martín et al. 2013 ). This explains the offset position of NGC 1808 in the MIR-X-ray plane close to pure starburst galaxies. Conversely, the predicted intrinsic X-ray luminosity from the MIR-X-ray correlation of log L int (2-10 keV) = 41.85 and obscuring column density log N H = 24.31 have to be regarded as upper limits for the AGN in NGC 1808.
B4.26 NGC 2623
The AGN/starburst composite NGC 2623 harbours most likely a Compton-thick obscured AGN. This is indicated by the observed X-ray spectral properties, like the extremely hard spectral index, as found from Chandra data . Unfortunately, the XMM-Newton observations were not sufficiently deep for a detailed spectral analysis (Evans et al. 2008a ). The CT scenario is supported by the predictions from the MIR-X-ray correlation (log L int (2-10 keV) = 43.31 ± 0.42; log N H = 24.72 ± 0.48), which are close to the intrinsic luminosity estimate from Maiolino et al. (2003) assuming one per cent reflection efficiency. We note however that the nuclear MIR emission might still be significantly star formation contaminated . Therefore, our predictions could be overestimations.
B4.27 NGC 3185
The optically borderline AGN in NGC 3185 has so far only been observed with XMM-Newton. The corresponding data were analysed in and Panessa et al. (2006) who claim a Compton-thick source based on the data. It was not detected in the MIR at subarcsecond resolution but the upper limit on the intrinsic X-ray luminosity estimated from the MIR-X-ray correlation is consistent with the L int (2-10 keV) estimate in Panessa et al. (2006) . From the current data no further conclusion about the AGN nature of NGC 3185 can be drawn.
B4.28 NGC 3312
The only publication of X-ray data for NGC 3312 is still Hudaverdi et al. (2006) who state the global luminosity only. Therefore, we remove NGC 3312 from the reliable sample.
B4.29 NGC 3379
The uncertain LINER AGN in NGC 3379 shows several comparable X-ray point sources in the nuclear region, and Flohic et al. (2006) identifies the most central but not brightest one as low-luminosity AGN with an observed X-ray luminosity of log L obs (2-10 keV) = 37.23. González-Martín et al. (2009b) estimate a higher X-ray luminosity (log L obs (2-10 keV) = 38.1) from the same data but note that the low S/N makes reliable estimates difficult. Based on the low X-ray-[O III] ratio, González-Martín et al. (2009a) argue that the LLAGN in NGC 3379 is in fact Comptonthick obscured with log L int (2-10 keV) = 39.91. The upper limit on the intrinsic X-ray luminosity from the MIR-X-ray correlation would be compatible with this scenario (log L int (2-10 keV) = 40.04).
B4.30 NGC 3486
NGC 3486 hosts a borderline Sy 2/LINER nucleus with uncertain power source. The nucleus remaine undetected in a Chandra snapshot survey ) and only appears in the much deeper XMM-Newton data . While Brightman & Nandra (2008) favours a Compton-thick obscuration scenario for the source, Brightman & Nandra (2011a) provide only an unobscured fit to the XMM-Newton data without further discussion. The luminosity estimates range from 39.63 log L int (2-10 keV) 41.5 depending on the assumed model. The subarcsecond scale MIR upper limit together with the MIR-X-ray correlation predicts L int (2-10 keV) 40.47, which is inconsistent with the CT scenario if NGC 3486 is indeed AGN powered.
B4.31 NGC 3521
Grier et al. (2011) list the observed 0.3-8 keV flux for the uncertain LINER AGN in NGC 3521 using the deeper of the two Chandra observations, unfortunately without providing any further details on the X-ray analysis. We assume a power-law with Γ = 1.7 to calculate an log L obs (2-10 keV) = 38.67. The upper limit on the intrinsic X-ray luminosity of any AGN in NGC 3521 is log L int (2-10 keV) 40.61 as predicted from the MIR-X-ray correlation.
B4.32 NGC 3607
As already reported in Asmus et al. (2014) , the AGN candidate in NGC 3607 has not been detected in X-rays Flohic et al. 2006) , nor in the sub-arcsecond MIR observations. González-Martín et al. (2009a) argue that a Compton-thick AGN could be present indicated by the X-ray to [O III] flux ratio. Unfortunately, the upper limit in the MIR and the MIR-X-ray correlation are not constraining enough to favour any scenario for NGC 3607.
B4.33 NGC 3627
NGC 3627 contains a low-luminosity AGN candidate, which remained undetected in the first snapshot Chandra observations . Furthermore, Panessa et al. (2006) argue that the XMM-Newton data on this source is significantly contaminated by off-nuclear emission and thus not usable to extract information about the nucleus. They derive an upper limit on the observed Xray luminosity of log L obs (2-10 keV) 38.25. On the other hand, Hernández-García et al. (2013) analyse a deeper Chandra observation from 2008 and find log L obs (2-10 keV) = 39.15. They attribute this ∼ 1 dex difference to the different model used but do not comment on the fact that the earlier value was also an upper limit. The nuclear MIR flux suggests an even higher intrinsic X-ray luminosity and heavy obscuration (log L int (2-10 keV) = 40.25 ± 0.39; log N H = 24.2 ± 0.71). However, in Asmus et al. (2014) , we point out that even the subarcsecond measurement of the nuclear MIR flux is presumably contaminated by nuclear star formation (see also Masegosa et al. 2011 ). While our results here are consistent with the presence of an AGN in NGC 3627, it presumably is not energetically important even on nuclear scales.
B4.34 NGC 3628
Flohic et al. (2006) analysed the deepest of the Chandra observations of the AGN candidate NGC 3628 and does not detect a nuclear point source but only diffuse emission due to star formation. They derive an upper limit on the observed X-ray luminosity of log L obs (2-10 keV) = 37.1. Owing to the a number of relatively bright circumnuclear sources, the XMM-Newton data are not usable to determine the properties of the putative AGN. The MIR-X-ray relation puts an upper limit on the intrinsic X-ray emission of any AGN to log L int (2-10 keV) = 40.67.
B4.42 NGC 4501
Off-nuclear emission is contaminating lower resolution X-ray data of NGC 4501 such as from XMM-Newton (Brightman & Nandra 2008). Furthermore, the nucleus is only barely detected at hard energies LaMassa et al. 2011 ). Brightman & Nandra (2008 note that the AGN could be Compton-thick obscured. Owing to this uncertain nature of the X-ray properties, NGC 4501 is excluded from the reliable sample. The L int (2-10 keV) and N H predictions from the MIR-X-ray diagnostics indicate indeed heavy (but Compton-thin) obscuration for the AGN.
B4.43 NGC 4698
According to González-Martín et al. (2009b) , the XMM-Newton data of NGC 4698 are dominated by off nuclear emission (but see . The low X-ray-[O III] ratio based on Chandra observations indicates that the AGN might be Compton-thick obscured according to González-Martín et al. (2009a) . Therefore, L int (2-10 keV) is highly uncertain, and NGC 4698 is excluded from the reliable sample. The MIR-X-ray correlation diagnostic does not constrain the nature of the AGN in this object.
B4.44 NGC 4736
NGC 4736 possesses many off-nuclear X-ray point sources and the identification of which belongs to the AGN is uncertain ). For the same reason, the XMM-Newton data can not be used to measure the AGN properties. Therefore, we exclude NGC 4736 from the reliable sample.
B4.45 NGC 4785
NGC 4785 harbours a Sy 2 candidate which most likely is CT in X-rays. A detailed analysis of the X-ray data and its relation to the high angular resolution MIR data are presented in Gandhi et al. (2015) and thus not repeated here. Owing to the large uncertainty of the X-ray properties and the non-detection in the MIR, no conclusion about the AGN nature of this object can be drawn from the MIR-X-ray correlation.
B4.46 NGC 5005
Based on Chandra and XMM-Newton data, González-Martín et al. (2009b) and Younes et al. (2011) claim the detection of an unobscured nucleus in NGC 5005. However, González-Martín et al. (2009a) argue that the source could be Compton-thick obscured based on the low X-ray-[O III] ratio, which is also supported by a low X-ray-[O IV] ratio. At the same time a strong nuclear starburst is present in NGC 5005, complicating the analysis of the AGN. Therefore, L int (2-10 keV) remains uncertain, and the object is excluded from the reliable sample. Owing to the likely star formation contamination also to the subarcsecond MIR luminosity (Mason et al. 2012; Asmus et al. 2014) , the MIR-X-ray correlation does not help to constrain the AGN properties.
B4.47 NGC 5363
Unfortunately, no Chandra observations are available for the lowluminosity AGN in NGC 5363. The XMM-Newton data can be fit well with an unobscured power law (González-Martín et al. 2009b), while the low X-ray spectral index and X-ray-[O III] ratio indicate Compton-thick obscuration of the nucleus (González-Martín et al. 2009a ). Thus, L int (2-10 keV) is very uncertain, and we exclude NGC 5363 from the reliable sample. The diagnostics based on the MIR-X-ray correlation contradict the CT scenario (see also Mason et al. 2012 ).
B4.48 NGC 5813
Hernández- analysed all archival Chandra and XMM-Newton data of several epochs for the uncertain LINER AGN in NGC 5813. Bright diffuse X-ray emission renders the XMMNewton data unusable to determine the AGN properties. The Chandra data do not show any long-term variation, and a simultaneous fit provides log L obs (2-10 keV) = 39.07. González-Martín et al. (2009a) identify NGC 5813 as Compton-thick candidate based on the low X-ray-[O III] ratio and high upper limit on the equivalent width of an Fe Kα line. As already mentioned in Asmus et al. (2011) , the upper limit on the intrinsic X-ray luminosity through the MIR-X-ray correlation of log L int (2-10 keV) 41.27 does not help to distinguish the different scenarios for NGC 5813.
B4.49 NGC 5866
While Satyapal et al. (2005) do not detect any nuclear source with Chandra in NGC 5866, possibly harbouring an AGN, Flohic et al. (2006) claim the faint detection of such a source from the same data. Although too faint for spectral analysis, the estimate the observed X-ray luminosity to be log L obs (2-10 keV) = 38.42. González-Martín et al. (2009b) also detect a nuclear source, provide a similar observed luminosity, but classify NGC 5866 as non-AGN from the X-ray point of view. On the other hand, González-Martín et al. (2009a) classify it as a Compton-thick AGN candidate based on the low X-ray-[O III] ratio. The MIR-X-ray puts an upper limit on the intrinsic X-ray emission of any AGN in NGC 5866 to log L int (2-10 keV) = 40.74, which is compatible with all the above scenarios.
B4.50 NGC 6221
So far NGC 6221 has not been observed at 2-10 keV but it is detected in the 70 month BAT catalogue with a 14-195 keV luminosity of log L obs (14-195 keV) = 41.44 (Baumgartner et al. 2013) . From the MIR-X-ray correlation, we expect an intrinsic 2-10 keV luminosity of log L int (2-10 keV) = 41.21 ± 0.38, agreeing well with the expectation from L obs (14-195 keV) . Without more data, we can not prove or verify the AGN nature of the nucleus of NGC 6221 however.
B4.51 NGC 6240
NGC 6240 is an ultra luminous infrared merger system wtih the best case of a double AGN found so far. The latter was discovered in X-rays by Chandra observations (Komossa et al. 2003) . Both nuclei are heavily obscured and surrounded by star formation, which makes precise luminosity estimates difficult. However, Puccetti et al. (in prep.) utilized the new NuSTAR to analyse the hardest part of the X-ray emission. While NuSTAR can not resolve both nuclei, most of the emission should be associated with the more powerful southern nucleus, NGC 6240S. They find log L int (2-10 keV) = 44.09 and Compton-thick obscuration, which is consistent from more uncertain previous estimates based on Chandra (González-Martín et al. 2009b,a) . The MIR-X-ray correlation predicts log L int (2-10 keV) = 43.27 ± 0.37 and only mild Compton-thickness for NGC 6240S (log N H = 23.76 ± 0.44).
The northern nucleus, NGC 6240N, appears to be fainter in X-rays (Komossa et al. 2003) but is presumably highly obscured as well, as indicated by the low X-ray spectral index and infrared spectra . However, no intrinsic luminosity estimate is available and we simply use the observed luminosity from the unobscured fit of Komossa et al. (2003) , log L obs (2-10 keV) = 42.07. Here, the MIR-X-ray correlation predicts an intrinsic luminosity of log L int (2-10 keV) = 42.53 ± 0.4 and at best only mild Comptonthickness for NGC 6240N (log N H = 23.44 ± 0.47).
Therfore the MIR-X-ray correlation suggests that a significant part of the NuSTAR detected emission might be coming from the northern nucleus. However, we can not exclude that the obscuration in both nuclei is in fact so high that the MIR is also significantly absorbed as in NGC 4945, in which case the MIR-X-ray correlation would lose its predictive power.
B4.52 NGC 6810
Strickland (2007) find no evidence for the presence of an AGN in NGC 6810 based on X-ray data from XMM-Newtonand other data at other wavelengths. Brightman & Nandra (2011a), on the other hand, present an unabsorbed AGN spectral fit to the same data with an X-ray luminosity of log L int (2-10 keV) = 39.99, unfortunately without further discussion. The nuclear MIR luminosity predicts a mucher higher log L int (2-10 keV) = 41.71±0.39 while assuming the observed 2-10 keV flux from Brightman & Nandra (2011a) would imply a CT obscuration (log N H = 24.38 ± 0.34). However, the subarcsecond MIR emission used might still be affected or dominated by star formation. With the current data it is therefore to distinguish whether indeed a CT AGN is present or the nucleus is pure star formation.
B4.53 NGC 7479
NGC 7479 was observed two times with XMM-Newton and both data sets were modelled with the emission of an absorbed (but Compthon-thin) AGN Akylas & Georgantopoulos 2009 ). On the other hand, Brightman & Nandra (2011a) show that the AGN might in fact be Compton-thick obscured by using one of the data sets. Also Diamond-Stanic, Rieke & Rigby (2009) argue for this scenario although [O IV] emission remained undetected in NGC 7479. On the other hand, the MIR spectrum is highly obscured . Conclusively, L int (2-10 keV) remains highly uncertain for this source, and it has to be removed from the reliable sample. The MIR-X-ray correlation diagnostics favour the Compton-thick scenario (see also González-Martín et al. 2013 ).
B4.54 NGC 7590
NGC 7590 has a complex nuclear structure with bright star formation and probably a heavily obscured AGN. The X-ray emission of NGC 7590 is in fact dominated by off-nuclear emission Shu, Liu & Wang (2010) . Therefore, only with the most recent Chandra data, the nucleus can possibly be isolated but remains undetected however. Shu et al. (2012) interprete this as further support for a Compton-thick AGN. Unfortunately, the nucleus also remained undetected in the MIR at subarcsecond scales (see also Asmus et al. 2011) . The estimated upper limit on the intrinsic X-ray luminosity from the MIR-X-ray correlation is log L int (2-10 keV) 41.37, which is ∼ 2.7 dex higher than the upper limit on the observed luminosity. Thus, we can not draw any conclusion on the nature of NGC 7590.
B4.55 NGC 7592W
The AGN/starburst composite nucleus of NGC 7592W has only been observed once so far in X-rays, namely with Chandra (Wang & Gao 2010) . The S/N of the detection is too low for a spectral fitting and only the observed flux can roughly be estimated (log L obs (2-10 keV) = 40.72). The MIR-X-ray correlation predicts a much higher intrinsic luminosity (log L int (2-10 keV) = 43.35 ± 0.39) and Compton-thick obscuration (log N H = 24.91 ± 0.46) assuming that the subarcsecond MIR emission is AGN dominated. This, however, remains unsure with the current minimal information on NGC 7592W.
B4.56 PKS 2158-380
No X-ray observations of PKS 2158-380 have been published so far. The object was only very weakly detected with Swift/XRT and does not allow for spectral fitting analysis. However, a strong Fe Kα line appears to be present and indicates heavy obscuration. This is consistent wit the predicted L int (2-10 keV) and N H from the MIR-X-ray correlation diagnostics.
B4.57 Superatennae S -IRAS 19254-7245S
Braito et al. (2009) managed to detect the AGN in Superatennae for the first time at energies > 10 keV using Suzaku. These observations indicated that Superatennae S is mildly CT obscured. However, the two epochs of NuSTAR observations can be well fit with an unabsorbed power-law, leading Teng et al. (in prep.) to disfavour the CT scenario for this source. Owing to the more than two orders of magnitude differing intrinsic X-ray luminosity estimates of the two scenarios, we exclude Superatennae S from the reliable sample. The diagnostics based on the MIR-X-ray correlation are consistent with the CT scenario but it is possible that the nuclear MIR data is star formation contaminated.
B4.58 UGC 5101
The first detection of the AGN/starburst composite nucleus of UGC 5101 in X-rays was presented by Ptak et al. (2003) based on Chandra and ASCA observations. While they state that the nucleus is too faint for spectral analysis and consistent with a pure starburst, Imanishi (2003) find evidence for an AGN in X-rays in the same Chandra data combined with XMM-Newton data. The latter work states that the AGN dominates the emission of UGC 5101 and is heavily but not Compton-thick obscured. González-Martín et al. (2009b) and Brightman & Nandra (2011a) come to the same conclusion based on the same data (log L int (2-10 keV) = 42.5; log N H = 23.7). However, González-Martín et al. (2009a) assume that the nucleus is Compton-thick obscured based on the flat X-ray spectral slope and low X-ray-[O III] ratio with an intrinsic luminosity of log L int (2-10 keV) = 43.97. The Compton-thick scenario would agree well with the prediction of the MIR-X-ray correlation (log L int (2-10 keV) = 44.07 ± 0.38; log N H = 24.74 ± 0.33), assuming that the nuclear subarcsecond-scale MIR emission is AGNdominated. Unfortunately, this assumption is not verifiable with the current available MIR data. Therefore, it remains unclear whether the AGN in UGC 5101 is indeed CT obscured or not.
